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HORIZONTAL MOTORS, Uniclosed, dripproof, 1% to 
250 h.p.; Totally Enclosed, 1 to 150 h.p.; Explosion- 
Proof, 1 to 150 h.p. (Other available types not shown 





VARIABLE SPEED MOTORS, Varidriv: upright, 44 


to 75 h.p.; Varidrive, horizontal, 14 to 60 h.p. (Other 
available types not shown 





INTERNALLY GEARED MOTORS, Syncrogeur. '% to 
30 h.p.; Syncrogear Right-Angle worm-gear, '5 to 
2 h.p. (Other available types not shown 





VERTICAL MOTORS, Unimount vertical solid shaft, 
V% to 500 h.p.; Unimount Totally-Enclosed, 4% to 150 


h.p.; Unimount Explosion-Proof to 150 hp 
Other available tvpes not shown 


U.S. makes many types of motors... for many uses in many industries 


There are U.S. Motors specialized t 
i few 


tury 





trouble-free operation. U.S. offer 


US. MAJOR MOTOR LINES INCLUDE 
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tually all fields of industry. The above are pust 
of them. Whatever your application 
chances are that there’s a standard U.S. Motor 
lesigned to fit it~—for U.S. has been meeting 
specialized industrial needs for over half a cen- 
The quality that is built into each U.S 


Motor at every point is your assurance of long 
to 


pack 


aged systems of automati speed control based 


on U.S. Varitrrow or other automatic control 
U.S. VanipYNE Power Pack converts any stand 
ard AC fixed-speed motor to adjustable speeds 
Besides motors and controls, U.S. furnishe 
power drives both for separate mounted motors 
and for non-electrical applications. If you need 


ontrols geared or belted 


motor .automatic ¢ 


drives ...write or phone 


= U.S. ELECTRICAL MOTORS INC. 
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Frequency Time Standard 
instruments, selected by 
Smithsonian Institution to 
clock satellites, are 
equipped with New 
Departure  ultra- precise 
ball bearings. 


Photos: Courtesy Ernst Norman Laboratories 
and Bodine Electric Co. 








"YD Ultra Precise Bal! Bearings 


Help 'Clock’A Satellite / 


CUSTOMER PROBLEM: 


Require ultra-precise bearing design for Bodine 
electric motor used in satellite-tracking micro- 
clock. Bearings must provide uniformly low 
starting torque, precise location of rotor shaft 
and minimum maintenance, to help mechanism 
achieve time determinations to 0.001 second. 
SOLUTION: 

N/D Sales Engineers studied special bearing 
requirements, and recommended New Depar- 
ture ultra-precise ball bearings. These ball 
bearings measured up to every requirement for 
micro-clock motors .. . thanks to New Depar- 
ture’s advanced equipment for research, devel- 


hr 
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opment and production. N/D equipped micro- 
clocks, selected by the Smithsonian Institu- 
tion, are operating in a dozen locations around 
the world, keeping track of vital satellite move- 
ments ... to one milli-second and better! 


If you’re manufacturing or designing electric 
motors for any high precision applications, in- 
cluding instruments, why not call on New Depar- 
ture? N/D engineering and research facilities 
are turning out the latest in high precision 
instrument ball bearings and advanced ball 
bearing designs. For more information write 
Department LS, New Departure Division, 
General Motors Corporation, Bristol, Conn. 
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MOTOR USER'S CASE HISTORY 


"We ran We 
accelerated life 
tests... — 
selected Bodine 
Motors” 


... HALOID XEROX INC. 





“Before we selected a Bodine fractional horsepower motor to power our 
XeroX 914 Office Copier, our Research and Development Division con- 
. ducted accelerated iife tests. The results were favorable. This, plus our past 
- experience with Bodine’s dependability, made it clear that Bodine Motors 
should power this piece of office equipment. Also we find that Bodine’s 
conservative rating gives us trouble-free performance even when used at 

full rating.” 


... Dr. John H. Dessauer, Executive Vice President 
in Charge of Research 
and Product Development, Haloid Xerox Inc. 


Here's the XeroX 914 Office 
Copier ... powered by a Bodine 
Fractional Horsepower Motor 


This remarkable new copier 
automatically reproduces copies 
of letters and other documents 
on ordinary unsensitized paper. 
For single or multiple copies . . . 
as many as six a minute... you 
just dial the number of copies 
you want, push a button, and 
that’s it. The main drive of the 
XeroX 914 Copier is powered 
by single reduction, right angle 
worm gear, speed reducer motor 





oD cml 


Bulletin describes late model business machine motor. 


i < 
Here's the story of Bodine’s latest model business fractional opine 
machine motor . . . the FSE-23. It's only 26" high . . . <9 TEST 


weighs only 1 pound 11] ounces. . . and delivers plenty 


of power, Designed for economical, high volume M ia a 


production. Ask for your copy of Technical Bulletin 
+1034. Bodine Electric Company, 2506West Bradley 
Place, Chicago 18, Illinois. 
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. We depend on G. Ss. for our Precision Gearing!" 


“It’s just a matter of logic—and good business. You have the equipment, and the experience, to do pre- 
see, we produce rather complex mechanisms. They cision jobs like ours on a production basis—we aren’t 
have to hold up under all kinds of tough conditions paying on the “hand-made” scale. Besides, they 
in the field. And since Precision Gearing is at the make all the kinds of Gears and Gearing we need — 
heart of our units, that’s the one place we have to Spurs, Spirals, Bevels, Helicals, Internals, Zerols, 
know that the quality and accuracy of components Clusters, Ratchets, Splines, Hobbing, Worm Gearing. 
are consistently right. That simplifies our specifying and buying—and that’s 

“G.S. produces our Gearing to close-tolerance speci- worth money, too. 
fications —and we've found that their respect for “Just one more thing. When we do have a special 
max. and min. is, if anything, even greater than our or unusual problem about Gearing, either in pro- 
own. They deliver our Gearing the same from run duction or in development of new projects, we’ve 
to run, which keeps our production line moving found that G.S. is as close as our phone. We’ve had 
right along — we don’t have slow-downs because of their experts in from their factory several times, 
Gearing variations. And failure in the field from and their broad, practical experience has been 
Gear trouble is almost unheard of; that means a lot mighty helpful. It’s like having extra specialists 
in customer satisfaction, not to mention saving right on our own staff! 


rici lacement expense. - . 
aay oS a “Yes, we depend on G.S. for our Precision Gearing. 


“Speaking of money, we've found that G.S. keeps us Why don’t you talk to them about your Gear 
competitive on costs in the broadest sense. They problems?” 


youu Finn G. S. Gearine 


IN TOP QUALITY PRODUCTS LIKE THESE... 


Adding Machines «+ Aircraft Carburetors & Fuel Metering Systems « Air- 
craft instruments and Radios + Automatic Musical instruments + Automation 
Systems + Business Machines + Check Signing & Protecting Machines «+ 
Clippers for Barbers, Animal Shearing & Hedge Trimming + Cloth Cutting 
Machines + Coin Changers & Counters « Communication Equipment « 
Control Mechanisms « Electric Fans + Electric Motors + Floor Polishers, 
Sanders, Scrubbers, Sweepers + Food & Drink Mixers, Blenders +» Home 
Appliances + Lawn Sprinklers + Machine Tools «+ Meat Tenderizers, 
Grinders, Slicers + Military Equipment + Motion Picture Cameras & 
Projectors + Optical instruments + Outboard Motors + Pneumatic Produc- 

tion Tools + Radio & Radar Tuning Assemblies + Radio Anti-backlash b 
Gears + Range Finders + Record Changers + Sewing Machines + Steel on 

Strap Stretchers + Step Switches + Tapping, Drilling & Threading Equip- 201 * 
ment + Telephone Dials + Television Sets + Thermostatic Controls + 


Typewriters » Vending Machines + Washing Machines. sya: Ities Tr C 
J 4 


SEND FOR G.S. illustrated folder! See where and how 2635 WEST MEDILL AVENUE 
we mass-manufacture Small Gearing to uniformly fine toler- 

ances. Folder contains 23 pictures of Small Gears, plant view, hth eo ede 

as well as Diametral and Circular Pitch Tables. Ask for your 
copy on company stationery, please! 
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In this ISSUE 





Materials, Electrical (Motteeate Your Classification: 


Magnetic Materials 
Components, Electrical /Electronic 
Magnetic Components 


Analytical Methods for 
Permanent-Magnet Design—1! 


Starting with the basic physics of magnet behavior, rational 
methods for design of permanent magnets are derived. In this 
first part of a two-part article, fundamentals and open-circuit 
magnets are discussed, with typical design examples. 


R. J. Parker, General Electric Co., Edmore, Michigan 


Electrical Manufacturing 1960 September p 102 8 pp 
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Components, Electrical / Electronic Your Classification: 
Semiconductor Devices 


Excitation Requirements for 
Silicon Controlled Rectifiers 


An examination of the characteristics of silicon controlled re 
tifiers (anode current and voltage, gate signal level, etc.) with 
regard to the design of circuits necessary to obtain proper 
operation—particularly in high-power controlled rectification 
schemes. Analogies are made to similar circuits involving thy- 
ratrons and ignitrons. 


E. E. Moyer, C. and D. Battery Co., Pennsburg, Pa 


, and A. 
Schmidt, Jr., Acme Electric Corp., Cuba, N. Y. 


Electrical Manufacturing 


Components, Electrical / Electronic 
Wire and Cables 
Wiring Devices 


Your Classification: 


% Connectors for 
Flat-Conductor Flexible Cables 


The concluding part of a two-part report on flat-conductor 
cable systems discusses application techniques and describes 
preferred methods for cable terminations and connections. 
Several connector designs are illustrated and specifications for 
a standard connector are presented. Advantages of the flat- 
conductor cable system are summarized. 


W. Angele, Marshall Space Flight Center, Redstone Arsenal, 
Alabama. 


Electrical Manufacturing 


1960 September p 164 5 pp 


Components, Electrical, Electronic Your Classification. 


Printed Circuits 
Production and Assembly Techniques 
Printed Wiring 


Coordinated Design and 
Production for Printed Wiring 


A step-by-step exposition of standardized procedures developed 
for the design and production of printed-wiring boards for a 
solid-state electronic telephone switching system that employs 
some 220,000 components. The coordinated procedure is also 
adaptable for general use where similar circuit parameters 
exist. 


W. J. Bornemann, Hamilton Standard Div., United Aircraft 
Corp., Windsor Locks, Conn., and F. E. Meyer, Remington 
Rand Univac Div., Sperry Rand Corp., South Norwalk, Conn. 


Electrical Manufacturing 1960 September p 110 6 pp 


Basic Science and Engineering Your Classification: 
Che 


Materials, 
Metals 


* The Nature and 
Control of Corrosion 


echanical ‘Structural 


A basic study of the causes, mechanics and chemistry of corro- 
sion of metals. Interpretation of the basic types of corrosion 
and methods for prevention are discussed. Design considera 
tions and specific types of materials and treatments are inter 
polated for control of specific types of corrosion encountered 
in engineering design. 


H. E. Barkan, Associate Editor, Ececrnica, MANUFACTURING. 


Electrical Manufacturing 


1960 September p 133 12 pp 


Computers 


Your Classification: 
sign Engineering Applications 


Data Curve-Fitting with a 
Digital Computer 


Using an IBM 650 computer, the method of least squares is 
applied to induction motor test data to establish points on 
performance “curves” corresponding to assigned horsepower 
rating and fractions thereof. Derivation of mathematical 
method is given, starting with power series, approximating 
motor characteristic curves. 


T. Alman, Motor & Control Div., Westinghouse Electric Corp., 
Buffalo, N. Y. 
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1960 September p 170 4 pp 


ELECTRICAL MANUFACTURING 








* Wuick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Reprints available—see pages 204 and 208 


For your copy of the ELECTRICAL MANUFACTURING Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Basic Science and Engineering 
Network Design 
Physics 


*® Designing Passive and 
Tunnel-Diode Networks—2 


Following Part 1 of this article (published in the August 1960 
issue of Ececrnica, Manuracruninc) the use of modern syn- 
thesis techniques is further discussed. Illustrative examples of 
uniform reverse predistortion are given. Methods for reducing 
the number of tunnel diodes required are discussed. Techni- 
ques based on uniform and nonuniform reverse predistortion 
ure given which may be applied to the exact design of practical 
networks. 


L. Weinberg, Hughes Research Labs., Malibu, Calif. 


Electrical Manufacturing 


1960 September p 116 5 pp 


Components, Electrical/Electronic 


Your Classification: 
Microcircuit Assemblies 


Microelectronics 


A discussion of the current state of the art and possibilities for 
the future of all the various types of devices and assemblies 
which can be termed “microelectronic.” Includes discrete 
miniature components, two-dimensional (thin-film) and three- 
dimensional (semiconductor-based) integrated circuits and 
molecular electronics (functional blocks). 


J. R. Riggs, Associate Editor, Evecrrica, MANUFACTURING. 


Electrical Manufacturing 


1960 September p 121 6 pp 


San PESENTSSSEIT ESERIES RSS PEPER EPEasasaneneDasasanesasasenananeTanansaneaS esas 


Basic Science and Engineering 


Your Classification: 
Mathematics 


% Practical Graphs and Nomographs 


Graphs and nomographs are two of the methods available to 
the engineer for data presentation. Unfortunately, they are 
often not properly used (or are not used at all when they could 
be) because of a lack of understanding of the proper methods 
of constructing them. The explicit, practical techniques 
presented here, with examples, will be invaluable in obtaining 
this know-how 


I. Ritow, Airborne Instruments Laboratory, Melville, N. Y. 


Electrical Manufacturing 
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Moterials, Electrical /Electronic 
Magnetic Materials 

Testing 
Materials 


Your Classification: 


The Ferrotracer for Dynamic B-H Loops 


Dynamic methods for obtaining core material characteristics 
have supplanted the arduous point-by-point methods, but have 
had drawbacks. The operating principles of a system using 
semiconductor switches in place of often troublesome mechan- 
ical devices is described, with details of scope of application. 


M. Pasnak and R. H. Lundsten, U.S.N.O.L., White Oak, Sil 
ver Springs, Md 


Electrical Manufacturing 


1960 September p 174 3 pp 





Design Considerations 
Nuclear Radiation Effects 
Materials, Electrical /Electronic 
Electrical insulation and Dielectrics 


Your Classification: 


Radiation Effects on Electrical Insulation 


A report on the effects of basic parameters and ambient condi- 
tions of nuclear radiation on various insulating materials. Elec- 
trical properties of insulating materials and changes in these 
properties due to radiation energies are examined. 


E. L. Brancato and J. W. Kallander, US. Naval Research 
Laboratory, Washington, D.C. 


Electrical Manufacturing 
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COMING UP... 


Number—the Language of Engineering will be the sub- 
ject of the October Science & Engineering feature (22nd in 
the Series). Also in this issue will be Part 1 of a six-part 
series on Semiconductor Electronics, plus Analytical 
Methods for Permanent-Magnet Design (Part 2), Rate 
Gyros, Application of Insulation by the Fluidized-Bed 
Process, Adaptive Control Systems, Modular Flowgraphs, 
Advanced Machine Tool Control Systems, Molybdenum 
(another article in our Metals Series), and a comprehensive 
survey—in tabular form—of Digital Computers. (The 
November issue will carry a similar treatment of Analog 


Computers.) 
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AEI’S STANDARDIZED COMPONENTS SPEED DELIVERIES 

Streamlined, standardized production technique blowers, and special electro-mecha embli¢ 

developed through years of experience in motor desig: jesigned specifically t 

and manufacture enabie AEI's Electro-Mect cal rod 1 by this [ 

Division to deliver precision high quality, 

motors fast. Standard frame sizes range from 1.4 

3.00” with ratings from 1/100 to 1/4 H.P. Built to meet and phone number 

exacting MIL SPECS, these AC motors ar 

for drive, fan and blower applications 
AEI’s complete line of standard 400 cycle AC motor S00N 


res 


is only part of the family of standard AC and D 


- : ~ f c ‘ 
are available Wt cs representative 
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RESEARCH Horizons 





Edited by Aex E. Javitz, Special Features Editor 


¢ Current European Developments in Electronic Components and Materials 


FortHcominc European SYMPOSIA fea- 
ture semiconductor devices, as do many 
papers in current scientific 
journals. Also of special note is work 
done in ultrathin dielectric film and 
infrared devices. A detailed report 
from our European correspondents 
follows: 


issues of 


e Semiconductor Devices 


An_ International Symposium on 
Semiconductor Devices will be held in 
France, February 20-25, 1961, at 
UNESCO House, Paris VIII, under the 
sponsorship of the Société Francaise 
des Electroniciens et des Radioélec- 
triciens. It will coincide with the 24th 
Exhibition (Fourth International Exhi 
bition) of Manufacturers of Com- 
ponents, Accessories, Measurement 
Equipment, Tubes and Semiconductors 
for the Electronics Industries. The 
object of the Symposium is to assess 
the possibilities of semiconductor de- 
vices with regard to their limitations of 
properties and use. Papers (to be pre- 
sented orally in French, English or 
Russian) will fall under three main 
headings: (1) Production of Devices, 
(2) Utilization, (3) Reliability. These 
are defined as follows: 

1. Production of Devices. Such de- 
vices must be defined by reference to: 

a. terminals (¢.g., diodes, tri- 

odes) 

b. the active physical phenome- 

(¢.g., impurity gradient 
junction, uniform impurity 
distribution junction, electric 
field effect) 

c. constituent 

AsGa, etc.) 
d. some possible generic name 


non 


material (Si, Ge, 


(drift, mesa, tunnel diode, 
parametric amplifier, etc.). 
It will also be necessary to locate 


each device in a coordinated system in 

order to characterize it as simply as 

possible, and to facilitate comparison. 

To this end, each paper is required to 
include significant values, such as: 
a. maximum dissipated power 

b. maximum 
ture 


operating tempera- 

c. Maximum operating frequency 

d, response time 

e. detection efficiency 

f. maximum operating currents 
and voltages 
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g. noise 
h. other. 

In addition, some specialized utili- 
zation or application areas should be 
mentioned for each device described 
(amplification, detection, switching, 
rectification, etc.). 

2. Utilization of Elements. The utili- 
zation of elements should be considered 
from the functional rather than from 
the organic point of view: in other 
words, a classification of use in special- 
ized commercial or technical fields 
should not be systematic. Papers will 
be expected to refer to any marginal 
performance (not yet capable of being 
generalized) obtained from existing 
devices, and should tend to guide de- 
velopment and production by pointing 
the direction of their evolution. Cases of 
failure examined from the same point 
of view will be considered as being 
extremely instructive. Papers in this 
area (taken as a whole) should set out 
the main lines of requirements for the 
immediate future, the fulfillment of 
which would not be utopian. 

3. Reliability Considered from the 
Viewpoint of Directives and Conditions 
of Use. It is well known that the life 
of semiconductor devices depends 
mainly on three factors: 


a. stabilization of electrical char- 
acteristics 

b. conditioning of the envelopes 

c. utilization requirements. 


recommendations 
and of the viewpoints of manufacturers 
and users, resulting from. statistical 
data obtained, will make it possible to 
define, for stated optimum conditions, 
the degree of reliability which can be 
assigned to semiconductor devices. 


Confrontation of 


e Ultrathin Dielectric Film 


Some interesting work is being done 
at Siemens Research Laboratories, 
Munich, Germany, on 2-micron films 
of a cellulose-based dielectric which 
are vacuum metallized and rolled to 
form tubular capacitors working at 60 
volts and providing up to 10 pf in 
capacitance. These capacitors are now 
in pilot production. The laboratories 
are conducting an overall fundamental 
study of organic films, particularly on 
the effects of moisture on very thin 
films. This effect becomes appreciable 


for films of the order of 1 micron thick, 
even in polystyrene. Infrared spectros- 
copy is being used to determine im- 
purity contents. 


e Studies in Resistances 


Very-high-value carbon-layer resist- 
ances (107 to 10'5 ohms) mounted in 
evacuated sealed glass tubes have been 
used in France for the measurement 
of extremely weak currents—as, for 
example, in ionization chambers. The 
structures of such resistances, their 
electrical properties, and their various 
applications are discussed in the March 
issue of the journal L’Onde Electrique 
by R. Miclo and J. Tsoca, Departement 
de Recherches Physico-Chimiques de la 
Compagnie Generale de T.S.F. 

A new “wide-diffusion” mass-pro- 
duced refractory heat-sensitive resist- 
ance, suitable for electrical control ap- 
plications at temperatures up to 1100 
C, is also described in the same issue 
of L’Onde Electrique by J. Vergnolle 
and J. Tsoca. Since the new type of 
resistance can be mass-produced, it 
overcomes the high-cost limitation of 
conventional types. Characteristics and 
applications are given by the authors. 


e Infrared Devices 


Still another paper in this journal 
(by R. Galinaro, Laboratoire d’Elec- 
tronique de L’Institut du Radium) 
deals with flash tubes for ultra-violet 
or infrared optical systems for the 
private transmission of information. 
The optimum characteristics of flash 
tubes are discussed. First, the tube and 
its electrical supplies are discussed, 
and then the influence of various para- 
meters is considered: pressure and 
nature of the gas, tension and energy 
of the charge of the capacitor, resist- 
ance and self-inductance of the circuit. 
Finally, the performance of the com- 
plete system is given. 


Mere on 
Materials Research 


Additional details are being announced 
on the materials-science research pro- 
grams sponsored by the Advanced Re- 
search Projects Agency (ARPA) of 
the Department of Defense. The re- 
ceipt of a $4.4 million grant has just 
been announced by the University of 
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Research Note 


Toroidal Cores for High-Temperature Magnetic 


Tue apvent of the silicon rectifier with 
improved temperature characteristics ex- 
tended maximum operating temperatures 
of magnetic amplifiers from 100 C to 200 
C. This advance in rectifier technology 
enables the magnetic amplifier to fulfill 
some of the temperature requirements of 
military applications, although demands by 
the military aircraft industry are for as- 
sociated electrical equipments to withstand 
even higher temperatures. The high environ- 
mental temperatures result from faster air- 
craft speeds and higher altitudes. As ad 
vances are made in aircraft technology, the 
temperatures also increase. 

Recently, the Air Force requested that 
a magnetic amplifier be built to operate at 
500 C. The successful operation of this 
amplifier will depend to a large extent on 
the availability of high-temperature recti 
fiers. In general, magnetic amplifiers for 
current applications at 500 C 
special and limited, and most of the appli- 
cations specify a lower temperature 

The greatest needs for improved high 
temperature magnetic amplifiers exist with- 
in the temperature range from —55 to 
+250 C. Because this temperature range is 
considerably wider than those convention 
ally required, an investigation was con 
ducted to determine the effects of the higher 
temperatures on the magnetic properties of 
cores used in magnetic amplifiers. The 
cores were tested while actually operating 
in a magnetic amplifier circuit. Since many 
factors in addition to the core determine 
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Fig. 1 — Half-wave control characteristic transfer curves at room temperature (27 C). 
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Pennsyivania. The initial grant of $6.1 
million to Cornell University is men- 
tioned in this month’s editorial, “Ma- 


terials—the Basic Science,” on page 
101. The U. of P. program will be 
concerned with experimental and 


overall amplifier performance, the 
were physically isolated from the circuit 
and the effects of temperature on the cores 
were determined in terms of amplifier per 
formance. 


cores 


Core Materials 


Five core materials were investigated for 
operation at the stated temperature range 
(—55 to +250 C). The core materials are 
Hipernik V,* Hipernik,* Hipersil,* Hiper 
nom,* and two development heats of 
Supermendurt—heat “A” and heat “B”. 
Toroidal cores of these materials were en 
cased in aluminum core boxes and insulated 
with an aluminum phosphate impregnant 
With the exception of Supermendur heat 
A, the cores were wound from 2-mil tapes 
to the following dimensions: 1% in. ID 
x 2 in. OD x % in. wide. The Supermen- 
dur cores from heat A were wound to % in. 
ID x 1 in. OD x %& in Load and 
control windings of TFE-fluorocarbon (Tef 
lon) wound 
on the cores 
high 
implifier at 
tifier 
rectifier leakage currents and the load re 
sistance was kept constant throughout the 
tests. The cores contained long Teflon-in 


wide. 
insulated copper wire were 
The cores were tested in a 
circuit impedance magnetic 
100 cycles 


minimize the effects of 


control 
A vacuum-tube re« 


was used to 


sulated lead wire and were the only com 
® Westinghouse trade names 
Supermendur ie a 2 per ent V, 49 per cent 
Ni, 49 per cent Co alloy developed by Rell Te 
Labor nes 
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theoretical solid-state physics, struc- 
tural chemistry, inorganic chemistry, 
ceramics and all phases of metallurgy. 

Still to be announced are details of 
the third ARPA grant of $3.4 million 


to Northwestern University. 


Amplifiers 
ponents in the circuit subjected to the 
various ambient temperatures 
Transfer Curves 
Control characteristic transfer curves 


taken for each core and for each of vatri- 
ous temperatures within the temperature 
range provide the data to evaluate the prop 
erties of the core materials. The average 
room-temperature transfer for the 
materials are shown in Fig. 1 and the 250 
C ambient temperature curves are shown 
in Fig. 2. The average curves were obtained 
from four samples for each core material 
Included with the figure is a tabulation of 
constant current flux reset values for satu 
ration induction B,., gain G, and the mid 
point of the transfer curve H,. The value 


curves 


for B. is computed from the saturation 
voltage measurements, and G and H, are 
computed from the linear region of the 
curves 
Conclusions 

Although only two temperature condi 


tions are presented in this note, the test 
results and data for the entire temperature 
basis for selecting core 
materials for magnetic amplifier 
applications within the temperature range 
The results show in general 
that Supermendur Hipersil, whose 
Curie temperatures high, appear as 
favorable materials for magnetic amplifiers 
operating at temperatures greater than 250 
C. High rates of magnetic deterioration at 
about 250 C for the materials with lower 
Curie temperatures indicate unsatisfactory 
magnetic amplifier performance with these 


range provide a 
spec ive 


investigated 
and 
are 


materials at temperatures greater than 250 
( 

Conclusions concerning specific magnetic 
properties for the materials are as follows 


{. Saturation Flux Density, B,: 

1. By comparison, Supermendur has the 
highest flux density which re 
mains constant 
than the flux 
other materials 

2. Because of its higher saturation flux 
amplifier with Super 


saturation 
with temperature 


the 


more 


saturation densities of 


density, a magnetic 
mendur cores is approximately 36 per cent 
smaller than an amplifier with Hipernik 
V cores for the same power output 

3. Hipersil has a saturation induction 
temperature coefficient equal to the coef 
ficient for Supermendur heat A, but the 
saturation flux density of Hipersil is ex- 
pected to decay at a much faster rate be- 
yond 250 C lower Curie 
temperature. 

4. The Curie temperatures for Hipernik 
V, Hipernik, and Hipernom are approxi 
mately half the Curie temperature of Super 
mendur; consequently, they have larger 
negative saturation induction temperature 


because of its 
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coefficients and much lower saturation flux 
density levels. These materials, Hipernik V, 
Hipernik, and Hipernom, should not be 
usable for magnetic amplifiers at a temper- 
ature of approximately 350 C because of 
extremely low saturation flux density levels 
at this temperature. 


B. Gain, GC: 


1. Hipernom and Hipernik V have the 
highest gain characteristics, but show large 
gain changes and more effects due to aging 
than the other materials. 

2. Supermendur has the lowest gain 
characteristic at 250 C but shows the least 
effects due to aging. 

38. The gain difference at room tempera- 
ture and the gain changes at high tempera. 
tures for the two Supermendur heats may 
be due to differences in the purity levels 
of the two heats. 

4. Hipersil has the most stable gain 
characteristic for the temperature range 
investigated and shows little effects due 
to aging. 

5. Hipernik has a more stable gain 
characteristic than Hipernik V and shows 
less aging effects. 


C. Mid-Point of Transfer Curve, H,: 


1. Supermendur heat B is the only ma 
terial that shows an increase in H, with 
increasing temperature. This indicates that 
the a-c coercive force and hysteresis loop 
width increase with temperature. 

The higher a-c losses and increasing 
coercive force for Supermendur heat B 
may be due to the increased purity level 
which produces a lower resistivity for this 
heat. 

3. Supermendur heat B and Hipersil 
have the largest values of coercive force; 
Hipernom has the smallest value. 

4. The position of the control charac 


~ Research 


Powdered-Metal Supports for Semiconductor 


A new crour of materials obtained by 
sintering powdered metals of various types 
and proportions offers far-reaching pos- 
sibilities as bases or supports for silicon 
crystals used in rectifiers and other semi- 
conductor devices. These sintered materials 
have a combination of high conductivity 
and low thermal coefficients of expansion 
without the disadvantages associated with 
the copper, aluminum and even tungsten 
and molybdenum now commonly used in 
such applications. 

For instance, a typical silver-tungsten 
grade (CW267) has a thermal coefficient 
of expansion which has proved to be close 
to that of silicon. Thus, under thermal 
operating cycles, the variation in expansion 
between base and silicon is negligible and 
will not cause distortion of the crystal. 
Also, the relatively high electrical and 
thermal conductivities of the silver-tungsten 
base material make it readily possible for 
semiconductor designers to use much 
thicker bases. Rigid supports are thus ob- 
tained without sacrificing any desirable 
electrical properties. Other powdered metal 
base materials having coefficients of ex 
pansion between those of silicon and copper 
have proved useful where heat sinks are 
not employed. The materials do not con 


tain any contaminating elements which 
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Fig. 2 — Half-wave control characteristic transfer curves at 250 C. 


teristic transfer curve for Supermendur 


heat A changes the least with temperature. 


Recommendations 


The investigation should be continued 
beyond 250 C in order to obtain more 
complete information of the magnetic 
properties for each of the materials. This 
information is necessary to specify tem- 
perature limitations. 

Because of its high Curie temperature, 
Supermendur should be a satisfactory ma- 


might adversely affect the operation of 
semiconductor devices. 

Producers and designers of silicon recti- 
fiers and other semiconductor devices are 
generally agreed that the bases or supports 
for silicon crystals should embody a com- 
bination of the following properties: 

© a coefficient of expansion close to 
that of silicon 
good electrical conductivity 
good thermal conductivity 
high strength 
inert to normal etches 
impervious to solders 
readily solderable 
flat and strain-free 
non-contaminating 

@ reasonable cost. 

Just what constitutes the “best” combina- 
tion of such properties will, of course, vary 
with different applications. Primarily, how- 
ever, manufacturers are chiefly concerned 
with obtaining the highest production yield 
at the lowest overall cost, with the ability 
of the base material to support, cool and 
permit operating the devices at the highest 
current densities, The greater the cooling 
effect of the assembly, the smaller the 
crystal that can be used, with current 
densities being kept within desired low 
ranges. 


terial for magnetic amplifiers operating at 
temperatures beyond 250 C to 600 C. Pre- 
liminary tests at 500 C show an erratic 
behavior for Supermendur, but the tests 
are inconclusive. Further investigation 
should produce a better understanding of 
the problems of operating Supermendur 
in the high-temperature ranges. 


FRANK GOURASH 

Materials Laboratories 

Westincnouse Execrric Corporation 
East Pittsburgh, Pa. 
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The base or support, therefore, must 
have high electrical and thermal con- 
ductivity. Unfortunately, common metals 
such as silver, copper and aluminum, which 
have suitable electrical and thermal prop- 
erties, present the disadvantage of having 
high coefficients of expansion. On the other 
hand, while metals such as tungsten and 
molybdenum have low coefficients of ex- 
pansion, their conductivity is not too high. 

To counteract this conflict of properties, 
it has become common practice to use 
either molybdenum or tungsten in thin 
pieces or stampings. These disks cause 
some impairment of the flow of electricity 
and heat, but their thinness tends to reduce 
this to a minimum. However, they do not 
always give sufficiently rigid support to 
withstand thermal cycling and mechanical 
abuse. Also, the outer peripheries of these 
thin stampings are strained, a condition 
which may lead to distortion of the crystal 
and eventual fracture. This condition can 
be corrected to some extent by increasing 
the diameter of the tungsten or molyb- 
denum base. This, however, means increas- 
ing the size of the encapsulation accord- 
ingly. 

It was specifically to overcome these 
disadvantages that the sintered powdered- 
metal materials were developed. The 
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silver-tungsten bases are supplied in either 
disk or washer form. Opposite surfaces are 
flat and smooth, ready to solder to the 
semiconductor crystal. No further prepara- 
tion is necessary before final assembly. 
Moreover, the materials contain no con- 
taminating elements. 

The accompanying table compares the 
properties of various powdered-metal base 
grades with those of other metallic mate- 
rials commonly used as semiconductor 
bases. In the table, note, for instance, that 
the specific resistance of Grade CW267 is 
23 per cent lower than that of molybdenum, 
although its thermal conductivity is 62 per 
cent greater. This combination of properties 
readily permits using the powdered-metal 
bases in thicker sections without decreasing 
their thermal and electrical efficiency. 
Meanwhile, rigidity of the assemblies can 
be substantially increased. 

Although the powdered-metal disks cost 
somewhat more initially than stamped 
molybdenum or tungsten bases, manufac- 
turers of semiconductor devices have found 
that production-yield increases obtained 
through their use more than offset their 
higher cost. For one thing, it must be 
remembered that the powdered-metal disks 
have already been lapped. Also, their sur- 
faces will readily take any solder without 
further treatment. Further, the costs of 
stamping, lapping, cleaning, etching and 
plating of molybdenum and tungsten mate- 
rials must be taken into account in making 
an accurate cost comparison with the new 
metal-powder bases. 


wu Research Note- 


Comparative Properties of Powdered-Metal Compacts and Other Metallic Materials 
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Specific resistance, 








Density, microhm-cm 
Material gm/cu cm at 20C 
cw267| 16.6 4.45 
CWl92; 15.3 3.40 
Cwi182/ 14.7 3.22 
Cw253/ 14.2 -- 
Si | nae » 
Mo | 10.2 | 5.78 
Ww |} 29.2 | 5.50 
Cu | 8.96 1.67 
Ag 10.49 1.59 


Thermal Thermal coefficient 

conductivity*, of expansion, 

watts/cm K X 10°*/deg C 

at 0 to 20C at 20C 

2.17 6.5 

2.66 9.7 
2.69 11.0 
— 12.0 
1.13 | 2.3t0 2.79 
1.34 5.1 
1.65 | 4.4 
3.93 16.5 
4.17 19.4 





® Calculations are based on the Wiedemann, Frane and Lorens Law and measured electrical resistivity 


Using the volume ratio of metals in the materiale, 


through the same medium. The figures for Mo, 
experimental results. 
A function of impurity level 


the law is based on electrical and thermal conduction 
;, Cu, and Ag compare very favorably with reported 


* Stackpole Carbon Company laboratory measurements using Fizeau Interferrometric Method. The (110) 


direction is generally lower than that of the (111). 


In addition to constantly developing cost- 
reducing production procedures for the 
more or less standard metal-powder base 
grades listed in the table, the Stackpole 
Carbon Company is proceeding with a con- 
tinuing program for the development of 
other grades which, up to recent months, 
have been little more than laboratory 
curiosities. These include a high-density, 
pure tungsten material and a base having 


a thermal coefficient of expansion gradient 
from one face to the opposite, 

The sintered powdered-metal technique 
obviously lends itself admirably to “tailor- 
ing” proportions of the metallic ingredients 
to meet the specific requirements of a wide 
variety of applications, standard or special 

GEORGE A. MEYER 
Research Metallurgist 
STACKPOLE CARBON COMPANY 
St. Marys, Pennsylvania 


Russian Translated by Computing Machines 


A new, high-speed computing machine, de- 
veloped by Dr. Gilbert W. King of IBM, 
has been translating articles from Pravda, 
the leading Russian newspaper, into rough 
but meaningful English for more than a 
year. 

A typist copies the Russian article on 
a typewriter, producing a perforated paper 
tape which is the input medium into the 
computing machines. Words are compared 
to the immense store of words on a rotat- 
ing glass disk “dictionary” which contains 
more than 50,000 words. (This storage will 
be expanded to contain more than 500,000 
words and idioms.) The coded characters 
from the perforated input tape are com- 
pared with the dictionary stored on the 
disk, which is read by means of a cathode- 
ray-tube light source, a moving lens, a 
photomultiplier tube, and the circuitry 
comprising the digit detector. The light 
beam continues to step across the tracks 
of the dictionary, reading a small portion 
of each Of the dictionary tracks, until the 
comparator indicates that it has gone too 
far. The light beam is then brought to rest 
and the disk rotation (1400 rpm) allows 
for the reading of every entry on a particu- 
lar track. This corresponds with our read- 
ing the entries of a printed dictionary from 
the bottom of the page up in order to get 
the longest possible match (for example, 
“time constant” before “time”). When a 
proper match to a Russian semantic unit 
has been found, the corresponding English 
meaning is read out through the high- 
speed register to the output typewriter. At 
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the same time, logic circuitry indicated by 
the “distributor” has kept an account of 
the number of input characters for which 
a match has been found 

When the input consists of Russian 
words, English words come to the buffer 
from the disk. Input Russian that must 
be transliterated into Roman characters, 
such as proper names, causes the input 
register to be blocked in order to allow 
the transliteration equipment to make the 
proper changes. An input Russian word 
that cannot be found in the disk diction- 
ary is also transliterated, but is printed 
out in red and later added to the dic 
tionary. 

The cathode-ray tube is used as a light 
source because an electron beam can be 
moved faster than any other device. The 
lens motor, with its higher inertia, moves 
more slowly and permits the cathode-ray 
electron beam to return to the center of 
the tube face. Thus, the cathode-ray tube 
electron beam makes the low (35 ms) ac- 
cess time possible, whereas the lens motor 
prevents the electron beam from going too 
far toward the side of the tube. 

Binary coded information stored on the 
10-in. diam disk memory is composed of 
some 30 million bits of information on 700 
circular tracks in an annulus 0.36 in. wide. 
The annulus is kept as narrow as possible 
for the sake of rapid access. The coded 
dictionary entries are represented by clear 
and black squares approximately one-third 
of a mil (0.00033 in.) on a side. These 
marks interrupt the light beam from the 


cathode-ray tube on its path to the photo 
multiplier, and thus differentiate a 0 from 
a 1. Since the marks have been kept small 
for the sake of reducing the access time 
as much as possible, the light source on 
the cathode-ray tube has also been kept 
small. It is, however, quite intense (1600 
candles) in order to prevent the electron 
beam from burning the phosphor on the 
face of the tube. 

Both 1's and 0's are represented by a 
light square and a dark square, differen- 
tiated only by the order of the squares. 
The corridors are alternately black and 
clear, which permits the average light in- 
tensity of the photomultiplier tube to pro- 
vide a signal for tracking. When the beam 
is correctly positioned, a “grey” level of 
light is transmitted to the photomultiplier 
When the beam is too far to one side, the 
incident light intensity increases, creating 
an error signal that activates a servo 
mechanism to move the electron beam and 
lens so that the light beam will return to 
the center of the track. 

Disk entries are so arranged that the 
Russian words and idioms themselves 
make up the storage location of the entry 
Each character in the Russian word has 
a certain binary code which can be inter- 
preted as a weight. Cyrillic “e” has the 
lowest weight and Cyrillic “B” the highest 
Eacly coded Russian word, therefore, looks 
like a long binary number. The layout on 
the disk is in numerical, not alphabetical, 
order although there is a certain similarity. 

—A.M.H. 
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putting 
Polaris on 
a precision 
path 


Several new contracts for 
research and development of 
computer and guidance com- 
ponents for the Polaris Missile 
have recently been awarded to 
the Hughes Engineering Division. 
As a result, a variety of openings 
have been created for graduate 
engineers and scientists who 
have a minimum of three years 
experience specifically related to: 
® Inertial Components and 
Platforms 
® Systems Design and Physical 
Design of Inertial Devices 
® Digital Computers 
® Servomechanisms 
® Controls Systems Analysis 
® Magnetic Drum and Magnetic 
Core Circuit Design 
® Transistor Switching and 
Circuit Design 
Polaris Guidance is but one of the 
many R&D programs which reflect 
the growing emphasis on space 
oriented projects at Hughes. The 
Engineering Division is also 
responsible for such projects as: 
Space Ferry Systems, Anti-ICBM 
Detection Systems, Infrared 
Search Systems, and Communi- 
cations Satellites. 
For immediate consideration, please 
write, wire or call: Mr. R. A. Martin 
Supervisor, Scientific Personnel 
Hughes Engineering Division 
Culver City 36, California 
We promise you a reply within 
one week. 


Creating a new world with ELECTRONICS 
i ' 
|, HUGHES | 


ENGINEERING DIVISION 


AEROSPACE GRouP 
HUGHES AIRCRAFT COMPANY 








We Can Make 
Precision Ceramic-to- 
Metal Assemblies 
for Your Stock or 
Special Requirements 


On your right is a specialized 
ceramic-to-metal assembly that we 
make in small quantity. 

On your left are some of our 
stock terminal insulators. They are 
made in large runs for economical, 
off-the-shelf delivery. 

Coors furnishes either metal- 
ized ceramic parts ready for braz- 
ing by the customer, or complete 
ceramic-to-metal assemblies in 
sizes up to 10” OD by 12” length. 

If you need ceramic-to-metal 
assemblies, in quantity or proto- 
type, get in touch with us here in 
Golden, contact the Coors regional 
sales manager nearest you, or 
write for new bulletin. 


REGIONAL SALES MANAGERS 


West Coast William §. Smith, Jr. 
EM 6-8129— Redwood City, Calif. 

Midwest John E. Marozeck 
FR 2-7100— Chicago, Ill 

Central Donald Dobbins 
GL 4-9638 — Canton, Ohio 

East Coast John J. McManus 


MA 17-3996 — Manhasset, N.Y. 
Warren G. McDonald 

FR 4-0663 — Schenectady, N. Y. 
Kenneth R. Lundy 

DA 7-5716— Dallas, Texas 

= William H. Ramsey 
UN 4-6369— Houston, Texas 


New England 
SOUTHWESE c.ccccee 


SOUTHWEST... ccenreeeee 





14 Circle 108 on Inquiry Cord 





| 


Plus or Minus 





Random Comments of the Editors and Readers 


Errata Sheet 
The & Engineering article, 
“Basic Differential Equations,” pub- 
lished in our July 1960 issue, contained 
as some of our readers were quick 
to notice—an error affecting both Ex- 
amples 10 and 12 (pages 100 and 101). 
If you will circle No. 929 on the Reader 
Inquiry Service postcard at the end of 
the book, we will gladly send you an 
Errata Sheet—with our apologies for 
allowing a mistake to appear in the 
pages of ELectricaL MANUFACTURING. 
No charge, of course. 


Science 


A Curriculum for Education 


September and return-to-school are al- 
most synonymous—that, certainly, is not 
news. Yet, we felt that it might be a 
fitting subject for this column, because 
return-to-school certainly can be posi- 
tive or negative. This item is completely 
positive. 

We are enthusiastic about the fore 
sight and intelligence evident in the 


curriculum of the new IBM Systems 


Research—A Mile Wide 


Are the research efforts in this coun- 
try (industry and the military alike) 
spread too thin? Are we fully aware 
that our basic research manpower is 
limited in comparison to our recognized 
superiority in manpower devoted to 
mass production? These were some of 
the questions raised by Major General 
William D. Hamlin, Commanding 
General, U. S. Army Signal Corps, 
Fort Monmouth, N. J., speaking before 
the 1960 Electronic Components Con- 
ference in Washington, D.C., on May 
11. 

“We must be constantly aware,” said 
General Hamlin, “that our scientific 
manpower resources are not expanding 
at more than a fraction of our ex- 
panding technology. New techniques 
crop up, and before they are com- 
pletely exploited, the manpower is di- 
verted to other newer, more exciting 
techniques. The recent great interest 
in the tunnel diode perhaps illustrates 


Research Institute. We are accustomed 
to hearing that International Business 
Machines Corporation does things on a 
grand scale, and we took the news of a 
$2-million budget for the Institute that 
is opening its doors this month (on 
United Nations Plaza, New York, N.Y.) 
in our stride. We paled only slightly at 
the thought that during the first year 
with an anticipated student body of 
thirty carefully chosen, graduate-level 
“freshmen”-——IBM will (cheerfully, we 
are sure) spend $66,666.66%5 per stu- 
dent. Lest readers accuse us of editorial 
license and exaggeration, we are scru- 
pulously accurate and are putting in the 
*3 cent. 

But a great deal more than money 
this much is going into 
this school. The curriculum is clear evi- 
dence of the IBM “rutnx” philosophy. 
The students, too, will have to THINK. 
The graduate-level course will consist 
of about 20 hours of lectures per week. 
To this, 20 hours of work 
will be added and about 15 hours of 

(Continued on page 16 


even money 


laboratory 


and an inch Deep? 


my point—no sooner had Dr. Esaki of 
Japan announced his new device than 
nearly every semiconductor activity in 
our nation had launched a manpower 
effort in this direction. Where did this 
manpower come from? Something less 
glamorous had to fall by the wayside 
And what will happen to the resources 
now being spent on the tunnel diode 
when a newer technique is discovered? 
“The answer to this paradox is not 
easy. All of us, the Government, the 
defense agencies, our scientific and 
educational institutions, and our indus- 
tries must face up to this problem so 
that, along with exploiting new tech- 
niques and devices, we assure ourselves 
that a reasonable proportion of our 
scientific manpower is put to profitable 
use in expanding our base of knowl. 
edge and in perfecting the techniques 
and devices that have been with us for 
several years.” 
Amen! A.E.J. 
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circuit breaker 
ratings as low as 
0.010 amperes 


HEINEMANN Circuit Breakers—complete with your choice of 
inverse time-delay curves or instantaneous trip—are available in current 
ratings as low as 0.010 amperes . . . an important fact to 
remember when considering the protection of sensitive equipment. 
For even at a rating of only 0.010 amperes, HEINEMANN 

Circuit Breakers still provide fastest interruption of short circuits, 
retain their set trip points and carry rated capacity through 

any ambient temperature range, high or low. 

These exclusive HEINEMANN features are yours in any odd 

or fractional current rating you may specify . . . but 

only when you specify HEINEMANN. For complete details, send for 
the Circuit Breaker Engineering Guide, Bulletin 201. 
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HEINEMANN ELECTRIC COMPANY 
99 Plum Street + Trenton 2, N. J. 
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Check Sorensen at a 
transistorized supplies... 5 7 
voltage regulation b ” 


as close as + (0.02% + 1 mv) ° 


Virtually no maintenance (supplies can’t be damaged even by direct short circuit 
of output) ; long life; extremely fast response; transient-free, ripple-free output; 
and wide input frequency tolerance—these are just a few of the major features 
you get in Sorensen Q and QR Series transistorized supplies. 

They’re ideal for critical applications like powering computer circuits, strain- 
gauge bridges, or low-level instrument circuits. 
Q Series Supplies: Offered in 15 models with nominal output voltages of 6, 
12, 28 vde (adjustable 2:1, approximately) and up to 220 watts power capacity. 
Models available for either +0.25% o1 voltage regulation (combined 
line and load). Available in either cabinet or 19” rack-mounting styles (15 and 
25 W models can also be provided for dual rack mounting on a single panel). 


+*O 05% 


QR Series Supplies: Feature wide-range adjustable output voltage—zero to 
rated voltage, continuously, with COARSE and FINE front-panel controls. Two 
standard models: 0-36 vde, 4 amps max., or 0-75 vdce, 2 amps max. 
regulated to within +(0.02% + 1 mv). Output voltmeter and ammete: 
available for cabinet or rack-panel (19”x 5%”) mounting. 

Get complete specs on these outstanding power supplies. Ask your Sorensen 
representative or write: Sorensen & Company, Richards Ave., South Norwalk, 
Connecticut. o3 


Output is 
Units are 


New Sorensen 
catalog! Just off 
the press! 32- 
page catalog of 
more than 400 
supplies plus val- 
uable application 
data. Write for 
your copy today. 








CONTROLLED 
POWER 
PRODUCTS 


»+-the widest line lets you make the wisest choice 
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study and reading. (This last estimate 

compared to the lecture schedule 
indicates that only fast readers will be 
enrolled.) The (12-week) course mate- 
rial consists of a well-balanced diet of 
theory (Principals of Machine Organiza 
tion, Numerical Analysis, Logic, Impact 
of Computers on the Pure and Social 
Sciences) and applications (Systems 
Planning, Case Studies in Systems Anal- 
ysis, Survey of Applications). Courses 
are flexible and each student's program 
can be adapted to his past education 
and experience. 

The courses offered by the Institute 
are intended for IBM employees, yet we 
hesitate to call this a Training Course, 
an Executive Development Program, or 
give it any of the impressive titles ap- 
plied to intra-company efforts. The cur- 
riculum we much too 
broad: this is not training for a specifi 
purpose, but 


have seen is 


happily — an excellent 
broad plan of education. 

The Institute also plans to develop 
text material in “well organized, co 
herent” form, which is certainly needed 
throughout industry and educational in 
stitutions. We hope the material will 
come up to the standard set by the cur 
riculum. 


We wish the Institute the success it 


(Continued on page 21) 


THIS MONTH’S COVER 


Electrical 
Manufacturing 





This month's Science & Engineering fea- 
ture, “The Nature and Control of Cor- 
rosion,” beginning on page 133, is gra- 
phically depicted on the cover by the 
corrosive action of a liquid medium on 
copper. The movement of ions between 
the anode and cathode in a typical corro- 
sion cell is illustrated by the overprint 
of the cell on a typically corroded copper 
microstructure. The electrochemical ac- 
tion causes destructive alteration or eat- 
ing away of areas around the anode where 
the electric current leaves the metal and 
enters the solution. 
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NEW! vesraie. 


An insulation you can flex 
.. twist...pound...vibrate 
.. -heat...soak with oil 


This is a completely new insulation that 
can take every abuse listed above without 
cracking, crazing or loss of its high 8,000 
volt electric strength. Resinite is a vinyl- 
coated Fiberglas* sleeving that surpasses 
all NEMA standards. 


COMPARE THESE POINTS 


¢ Better color stability and smooth, clean 
surface texture. 


e New process assures permanent adhe- 
sion of vinyl coating. 


¢ 8,000 volts min. dielectric rating. Also 
4,000 and 2,500 volt grades. 


Outstanding flexing, abrasion and cut- 
through resistance. 


Withstands heat to 396°F. (20 hrs.). 
Flexible at —50°F. 


Excellent resistance to oils, gases, 
chemicals, mild acids. 


e No wicking. 
e Grades B-A-1, B-B-1, B-C-1, B-C-2. 
Exceeds NEMA standards. 


e Sizes #24 to 1". Black, yellow. Other 
colors on special order. 


e Priced comparably to ordinary cotton 
base insulations. 





Testit yourself! Call your Resinite distributor 
or write for samples and performance data: 
RESINITE DEPARTMENT 


~« BORDEN ¢% 
CHEMICAL 


COMPANY 
1 Clark Street, North Andover, Mass. 


ameenaki bergias Corp © The Borden Company P.O. Box 430, Compton, Calif. 
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How General Electric’s 7#/25€£42 motor 
gives you MORE THAN A MOTOR... 


MOTOR SERVICE STATIONS 

—- THROUGHOUT THE U.S.— 
BACKSTOP YOUR PURCHASE, 
KEEP YOUR CUSTOMERS SOLD 


Service follow-through (or the lack of it) isn’t a problem when you select General 
Electric Tri/Clad ‘55’ motors for your integral-horsepower applications. 


A nationwide network of G-E Electric Motor Service Stations offers you a means 
of getting General Electric Tri/Clad ‘55’ motors repaired promptly and expertly 
anywhere in the country. This handy, competent service assures fast repair or 
replacement for the motors you install in the equipment you sell. 

Fast, local backup service is one good way General Electric Tri/Clad ‘55’ motors 
give you more than a motor. Ask your G-E salesman to explain how this motor 


service plan works for you and your customers. Or send for Bulletin GED-2396, General 
Electric Co., Schenectady 5, N. Y. 840-32 


Other ''More Than A Motor"’ Benefits of G-E Tri/Clad ‘55’ Motors: On-time Delivery e 
Expert Application Aid e Constant Design Innovation e Durable, Long-life Perform- 
ance e Complete Line. 


GENERAL @@ ELECTRIC 
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GENERAL ELECTRIC Motor Service Stations EXPERT SERVICE SPECIALISTS from General Elec- 
are located in every principal town and city. tric continually visit G-E motor service stations 
They provide convenient backup service throughout the country; keep them up-to-date on 
for the G-E Tri/Clad ‘55’ motors you buy. latest motor developments and repair techniques 


4 i 





stations make sure the service you get is fast, competent. 


TRAINED PERSONNEL in General Electric motor service > 
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15 THOUSANDTHS OF A SECOND 
IS A VERY LONG TIME 


Its much faster than you can wink an eve, yet time enough for 
Bell Laboratories’ new high-speed switching terminal to transfer 


your voice to another channel while you are talking by telephone. 


The new terminal—recently introduced on the transatlanti« 
cable—uses the idle time in the conversations of talkers on a group 
of channels to provide paths for other talkers. This time-sharing 
technique, called Time Assignment Speech Interpolation, permit» 
the sending of 72 simultaneous phone conversations over this deep- 
sea system where only 36 could be sent before. 


TASI takes advantage of the fact that in a normal telephone 
conversation you actually talk less than half the time. You do not 
talk when you are listening, and even when you do talk there are 
pauses between sentences, words, and syllables. When there are 
more talkers than channels. TASI puts this idle time to use. 


Scanning each circuit thousands of times a second, TASH in- 
stantly notices when you aren't talking, then quickly switches in 
someone who is. TASI also notices when you resume talking, im- 
mediately finds a channel not in use that moment and switches vou 
to it. Your voice may be switched many times during a single con- 
versation in a time too fast—about 15 milliseconds—for your ear to 
perceive. 

The TASI switching terminal was rendered feasible by the 
transistor —an invention of Bell Telephone Laboratories. More than 
16,000 transistors are employed to achieve the compact, dependable, 
high-speed circuitry required, TASH is another example of how Bell 
Laboratories works to keep your telephone service the world’s finest. 


BELL TELEPHONE LABORATORIES 


® 4 WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
tag 
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deserves. And with this wish we would 
like to express the hope that the IBM 
Institute will be as generous as its cur- 
riculum is far-sighted, and open its 
doors also to students who are not IBM 
employees. Education should not be lim- 
ited to those who need to know, but be 
available also to those who want to 
know. A.M.H. 


On the Breadth 
Of Education 


Euclid was once asked by a student of 
geometry who had barely learned the 
first theorem: “But what advantage 
shall I get by learning these things?” 
Thereupon Euclid called his slave, and 
said: “Give him three pennies, since 
he must make a profit out of what he 
learns.” 

We are not unequivocably opposed 
to making a profit out of what we 
learn, although we deplore the short- 
sightedness of Euclid’s student. 

This month, as institutions of learn- 
ing are reopening and tomorrow's 
profitmakers are crowding into burst- 
ing classrooms, we might turn our 
vacation-rested minds to graduate 
school catalogs and the announcements 
of adult education courses. Sometime 
during this month, we shall probably 
think about “taking a course” and look 
with dismay at the variety of courses 
offered. And we might repeat the ques- 
tion Euclid’s student asked: How does 
one make a profit out of what he 
learns? By earning a graduate degree? 
Probably, for higher degrees usually 
mean better jobs. But higher degrees 
do not necessarily mean better engi 
neers, or better human beings 

The real question to ask before one 
signs up for any course should not 
ever be: “Do I need the units?” but 
“Will this course be stimulating?” For 
any course of study that stimulates 
one’s mind is useful, any subject that 
bores one is a hindrance. One can find 
stimulation in the great adventure of 
exploring new areas of the mind and 
by finding relations to one’s work in 
the most remote territories. 

Should you, as an engineer, study 
Greek drama? Of course! The Greeks 
were great mathematicians, and their 
thinking processes might stimulate 
you to find new paths toward the solu- 
tion of the day's problems. Have you 
always been curious about insects, but 
never had the time to study entomol- 
ogy? The bees knew how to construct 
the optimum geometrical storage sys- 
tem long before slide rules had been 
invented. 

It is an appalling fact that we have 
erected a complicated maze of barriers 
that have chopped up the wide open 
spaces of knowledge into tight little 
cages. Divisions between specialties 

(Continued on page 206) 
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NEW SIZE 8 SERVOMOTOR 
RESPONDS 3-TIMES FASTER 
These fast response Size 8's have a 
whopping acceleration rad/ 
sec?,..and feature e at stall of 
0.22 oz, in., rotor inertia, 0.18 gm. cm.2. 
That's at least three times faster 
than any other Size 8's available. 

The entire secxman® Size 8 line is 
available in standard models for 26- 
volt or 115- volt sources—Servo- 
motors, Inertia-Damps, Velocity 
Damps, or Servomotor Rate-Gener- 
ators (special models available for 
other voltages). For the servosys- 
tems man working with 115-volt 
reference supplies, this can mean 
an end to accessory gear that so 
often compounds reliability and cost 
problems. 


At the Breadboard stage? Several 
BECKMAN® Size 8 and Size 11 Servo- 
motors are available from stock for 
immediate delivery in prototype 
quantities. Check with your Helipot 
rep, write us for the list of stock 
Servomotors and for the Size 8 and 
11 Catalog. 


Beckmar’ 


POTS : MOTORS : METERS “i 
Helipot Division of = 3 
Beckman Instruments, 


Fullerton, California = 
pe “eee ee 
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. HONEYWELL 





NEW 
‘“BOUNCE-FREE” 
SWITCH 


Eliminates Contact 
Bounce in High-Speed 
Electronic 


(ACTUAL SIZE) Applications 





A new compact switch device has been developed by 
MICRO SWITCH to eliminate the effects of contact bounce 
in applications which involve high speed electronic tubes 
that operate in less than a microsecond. 

This new ‘‘Bounce-Free’’ Switch makes it possible for 
designers to save valuable engineering time otherwise 
required to develop special circuits to eliminate spurious 
voltage pulses caused by contact bounce. And, its com- 
pactness makes it possible to save valuable cabinet space 
in control consoles. 

The new circuit may be actuated by any switch that 
has a normally open and normally closed position. It is 
an electronic switch triggered by a mechanical switch: 

Write for Data Sheet 177 which describes the new 
“1 PB2000.” 


MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


Hi Honeywell 


MICRO SWITCH Precision Switches 


2873 


OPERATING CHARACTERISTICS 
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i There are four circuit types available. One producesa a negative output voltage at these loads. All circuit 
positive output to accommodate resistive loads of 100 types have a voltage range of from 5 volts to 25 volts 

to 500 ohms, another produces a positive output for The circuits are designed to produce an output volt 
resistive loads of 500 ohms or greater, and two produce age which has a maximum rise time of 42 microsecond. 
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SYLVANIA MAKES ALL THREE— ALLOY, CLAD AND PLATED WIRE 





How to speed up design of new products 


—call Sylvania for an unprejudiced recommendation on wire 


With design time for high-temperature equipment so 
much at a premium, it pays not to get bogged down by 
noncreative engineering details. Case in point: selecting 
wire to meet specific conductivity needs in corrosive or 
oxidizing atmospheres. 


You can save valuable time by calling on Sylvania for a 
wire recommendation. You see, Sylvania knows wire— 
knows the particular advantages of each kind. And of 
all major manufacturers, only Sylvania makes all three 


types of bare wire—alloy, clad and plated. Available in 
a complete range of sizes—.002 to .250, retains optimum 
characteristics at temperatures up to 1600° F. 


Result? Your Sylvania wire recommendation is un- 
biased. It’s based on your design’s needs and is not re- 
stricted by a limited line. You can get full details for 
future use — or timesaving help on your present project 
—by writing Sylvania Electric Products Inc., Parts 
Division, Warren, Pennsylvania. 


¥SYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


SEPTEMBER 1900 
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How CMPC handles this 
controlled heat Toastmaster Fry Pan 


Molded plastic handles for kitchen utensils are nothing unusual. But, like 
everything else about the new Toastmaster Fry Pan, this is no ordinary handle. 
First, it is molded in one piece. That means there are no cracks, crevices or screw 
holes for food to lodge in. And it means simple, fast assembly, too. 

Furthermore, both the handle and the removable automatic heat control are 
molded of Bakelite phenolic molding compound designed specifically for maximum 
heat resistance and insulation. The lustrous finish is readily washable and is unaf- 
fected by chemicals, acids or food stains. 

As usual, the broad experience of Chicago Molded, its knowledge of materials 
and techniques, and its modern mold-making and production facilities combine to 
produce the best in molded plastics. And again, as usual, the best costs no more. 
Why not discuss your next job with a CMPC engineer? Just write or phone. No 
obligation. 


See Sweet's Product Design File 


2/Ch, or send for new brochure 
“Design and Purchase of Cus- 
tom Molded Plastics.” 


CHICAGO 2 PRODUCTS CORPORATION 
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ternal Clutch Reset 


We ACROTIMER 


FLEXIBILITY —__ two Types of Provides time delay or interval timing, opening or closing 
- TERMINAL BLOCKS 


(FRONT OR REAR ON€ OF more switches after an adjustable period of time — 
and, in addition, offers you these advantages. 


EXCEPTIONAL VERSATILITY . . . results from modular construc- 
tion concept. One basic unit plus easily assembled standard 
parts provides 12 different variations to meet a very wide 
range of physical and electrical requirements. Reduces cost, 
speeds deliveries. 

LOWER COST . . . than other units of comparable capacity and 
quality, because of savings made possible by advanced de- 
sign and modular construction. 

ReQuInED) SIMPLE CONSTRUCTION . . . with fewer moving parts. This 

means greater dependability and contributes to lower pur- 
ante wat chase price without sacrificing quality and performance. 


















BEZEL 
(IF REQUIRED) 
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TWO TYPES 
OF DIAL FACES — (COMMON COMPACT ” shorter than the next smallest competitive 
(FRONT OR REAR TO ALL aoe 


MOUNTED) VERSIONS) unit and 1” smaller than most competitive units. 


Supplied for rear or panel mounting, HIGHER RATED LOAD SWITCHES . . . with your choice of one 
the ACROTIMER line is designed for 15-amp or two 10-amp switches. 
operation at 120 to 240 vac, 50 or 60 = pRING-TYPE CLUTCH . . . means negligible wear; longer life; 


cycles. Adjustable time ranges from 6 
seconds to 4 hours are available. For and faster, more positive engagement. 


complete information on these timers, 
write today for your free copy of the 
new Haydon ACROTIMER Catalog. 


DIVISION OF GENERAL 
HAYDON time CORPORATION 


TIMING MOTORS 2533 EAST ELM STREET 
TIME AND TORQUE CONTROLS TORRINGTON, CONNECTICUT 
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Announcing the Arrival of the 
Profit Express 


THE 

WESTINGHOUSE 
CONTROL 
TRANSFORMER 
BLACK LINE 
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Westinghouse engineering and manufacturing experience is avail- 
able to you in acomplete line of control transformers, The Black Line. 
Offered in a large variety of designs for all power factor loads, these 
transformers are ideal for solenoid, relay, contactor applications, as 
well as for use in all control circuits for practicable and economical 
operation. Designed into your product, The Black Line (types LC, 
LCO, SD and MTB) will build better customer acceptance with these 
very desirable features: 

They're lightweight: Hipersil® core steel keeps weight low with 
good regulation. 
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Use ‘em almost anywhere: Standard, stocked ratings of these decision, one that will continue to pay off in the long run. 
versatile transformers cover 90 percent of all voltage and frequency Overnight delivery: Only Westinghouse, with stocks of stand- 
requirements. Ratings are from .025 kva through 1% kva with ard ratings throughout the U.S., can offer overnight delivery 
a 55°C rise. to practically any location 

They mount easily: Lug-type terminals on the coils or flexible cable Want to know more? Contact your Westinghouse represent- 
leads make it a snap to connect Black Line transformers regardless ative or write to Westinghouse Electric Corporation, P.O. Box 
of mounting requirements. Terminals are easy to reach and help 868, Pittsburgh 30, Pa. J-70946 


keep down the space requirements. 
Use ‘em with confidence: They meet NEMA and Underwriters’ 


e 
requirements. When you add the quality ingredient of the Westing- you can Be SURE...1F ITS \ Vesti nghou Sse 


house Black Line to your control, you'll find you've made a profitable 
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SEMICONDUCTOR DIVISION 


INSTRUMENT 


NiOM ie 
10 AMPS AT 150° C.! 


GENERAL 


GENERAL INSTRUMENT 
DIFFUSED 
HIGH POWER 
SILICON 
RECTIFIERS 


COMPLETE RELIABILITY AND TOP EFFICIENCY WITH 


LOW FORWARD DROP AND PIV UP TO GOOV... 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 


65 Gouverneur Street, Newark 4, N. J. 

Midwest office: 5249 West Diversey Ave., Chicago 39 

Western office: 11982 Wilshire Bivd., Los Angeles 25 

GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC MANUFACTURING DIVISION, SEMI. 
THE HARRIS TRANSDUCER CORPORATION, MICAMOLD ELEC- 


CONDUCTOR DIVISION, RADIO RECEPTOR COMPANY, INC., 
TROWICS MANUFACTURING CORPORATION AND GENERAL INST RUMENT—F. W. SICKLES OF CANADA LTD. (SUBSIDIARIES) 
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 


custom made to your needs 


GENERAL INSTRUMENT 


PACKAGED 
ASSEMBLIES 


Silicon and Germanium 
Diodes 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 


65 Gouverneur Street, Newark 4, N. J. 
Midwest office: 5249 West Diversey Ave., Chicago 39 
Western office: 11982 Wilshire Bivd., Los Angeles 25 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W SICKLES DIVISION. AUTOMATIC 
MANUFACTURING DIVISION, SEMICONDUCTOR DIVISION, RADIO RECEPTOR COMPANY, INC . 
THE MARRIG TRANGOUCER CORPORATION MICAMOLD ELECTRONICS MANUFACTURING 
CORPORATION AND GENERAL INGTRUMENT-F W SICHLES OF CANADA LTO (SUBSIDIARIES) 
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Trae liquid silicone rubber 


New low viscosity for easier 
encapsulation and impregnation 


> 





General Electric silicone rubber used extensively by Aecrojet-General 
Corp. for the Titan ICBM’s propulsion-system wiring harness. Break- 
outs and junctions molded from G-E RTV, wiring is silicone insulated, 
jacketing is high-strength G-E silicone rubber — all chosen for their 
stable insulating properties, resistance to temperature extremes and 
The latest addition to General Electric’s RTV weathering, and stability in storage for many years. 
family offers lower viscosity than any other avail- 
able silicone rubber compound — a typical vis- 
cosity of 120 poises. Easily pourable, it flows 
freely in and around intricate contours, making 
it ideal for protecting electrical and electroni 
components. 

With RTV’s new low viscosity, the range of 
G-E RTV compounds now extends from 120 to 


12,000 poises. You can now meet your specific 
requirements by selecting from several G-E RTV 
compounds, all of which offer room temperature 
cure, heat and ozone resistance, and good elec- 
trical properties. Write for a free test sample, 


briefly describing your application. 





poo 


Sight amplifier module potted with RTV by the Armament and Control 
Section of G.E.’s Light Military Electronics Department. Used on 
the Lockheed CF-104 and F-104G jet aircraft, RTV provides me- 
chanical support and vibration damping, protects unit against mois- 
ture and ozone. (Bottom photo shows module before potting.) 





High-voltage, high-altitude transformers from Laboratory For Elec- 
tronics, Inc. are encapsulated with General Electric RTV to meet 
MIL-T-27A specs. This prevents flashover at maximum ratings of 
2200 volts rms and 80,000 feet. General Electric RTV was selected 
for its good heat transfer, low viscosity and mechanical strength. 
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Silicone Products Department, Waterford, New York 
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What do you need in an 


adjustable speed drive? 
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Compactness! 
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7\4-hp Ajusto-Spede Drive 


Common motor-drive housing for units up 
to 714 hp saves space — can be foot or 
flange mounted. Larger sizes up to 100 hp 
with individual motor and drive housings 
mounted integrally. 


NEW design news from Louis Allis 


«2» the Louls Allis AJUSTO-SPEDE® drive 
is more compact, precise, and trouble-free 


Here’s an adjustable speed drive that allows truly precise machine operation. 
Speed regulation is automatic and stepless — results in faster, more efficient 
production at lower cost, with less waste, and minimum wear on equipment. 


These and other benefits are yours when you use the improved Louis Allis 
Ajusto-Spede drive. For example, it can be set before or during operation to deliver 
any desired speed within its range. Its exclusive tachometer feedback circuit 
monitors the output speed and automatically corrects speed and holds it 
regardless of load changes. 


This improved drive requires minimum maintenance. Its stationary field has no 
brushes, commutators, or slip rings to cause trouble. The source of power is an 
equally trouble-free standard a-c squirrel cage motor. The cast-iron housing 
keeps out dirt, chips, and moisture — resists corrosion. 

The compact Ajusto-Spede also saves space. Integrally-mounted motor and 
drive simplify handling — can be easily adapted for installation on new or existing 
machines. Controls can be mounted at the machine or any other convenient position. 
The Louis Allis Ajusto-Spede drive is the practical solution to almost every 
application that requires dependable, easily controlled adjustable speed. It is the 
answer to precise operating speeds for machine tools, process machinery, test 
equipment, windups, conveyors, printing presses, and other equipment. 

Contact your Louis Allis District Office for information and application 

help. Or write for bulletins 2750 and 2800 — The Louis Allis Co., 

428 East Stewart Street, Milwaukee 1, Wisconsin. 

® Ajusto-Spede is a registered trademark of the Eaton Mig. Co. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED ORIVES 


LOUIS ALLIS 
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How to fit proved 


PETTITT 


components into your 
CR circuits 


Hundreds of circuits have successfully proved out the Gen- CIRCUIT COMPATIBILITY CHART 


eral Electric semiconductors listed here as companions to 


the silicon controlled rectifier. In fact, General Electric 
used these very same components in developing and per- 
fecting the revolutionary SCR. You capitalize on G.E.’s 
three years of unequalled SCR experience when you choose 
compatible G-E components. Together they form a sea- 
soned, smooth-running team that will enhance the per- 
' : 1N1199A-1N1206A* | 12A @ 150C 
formance and reliability of your designs. 1N2154-1N2160° 25a @ 145 
And remember, only G-E medium current rectifiers give 
you freedom from thermal fatigue (only hard solders are 
used ) ; transient PRV ratings that save you money; reverse 1N1199A-1N1348A 
polarity for common heat sink mounting; and very low re- Seat se-teesee" 
verse leakage current for operation in series with SCR’s. | exe | 504 @ 10e| 
For detailed information on SCR theory, ratings and ap- 
plications, send $1.00 for General Electric’s new Con- jase | aaeae | 50A @ 110C 
trolled Rectifier Manual. Also at many G-E Distributors. TT Tee ee 


* Stock Assemblies Available 


GENERAL @@® ELECTRIC 


Semiconductor Products Dept., Electronics Park, Syracuse, N. Y. 
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A Spaulding 
before and after 


Transformer Lead Support of Spaulding 
Vulcanized Fibre replaces wood, 
eliminating high rejection of parts, 
reducing number of parts and assembly 
time, cutting cost by two-thirds. 


NOW IT'S CALLED VALUE ANALYSIS 


As any Spaulding customer can tell you, the only Material, processed by Spaulding’s own 
thing new about Value Analysis is the name. Fabricating Department. 

Spaulding has been rendering this service for ; a 
years with engineers who evaluate a part or The unique characteristics of Spaulding 
assembly, then show how it can be made better, Industrial Plastics and Vulcanized Fibre hold 


easier and at a lower cost with a Spaulding the same advantages for your product. 


SPAULDING FIBRE COMPANY, INC. 


373 Wheeler Street, Tonawanda, New York 


| 
l 
| 
| 
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| 
! 
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SPAULDING FIBRE COMPANY, INC. 
373 Wheeler Street 
Tonawanda, New York 


Please send a free copy of the brochure, 
Spaulding Value Analysis.” 


Name 
Rome © Were ta 2 etm 
Cat Geet ny FS nm he Cert of te ee 


Firm 
SFAVL ONG FIEHE COMPAny (me 


{roo Value Analysis Brochure. Send for your copy now 


Address 
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Heres a Memo 


You Wont For 


A PULL LINE OF CLARE STEPPING SWITCHES 


CLARE 
CAM-OPERATED 


t @ 200 offers a program 
control unit in re- 


duced space and with simpler wiring. 
Actuating cams can be cut with a se- 
quence of notches and lobes programmed 
to meet the contact switching desired. 
In addition, the Type 200 acts as a 
memory switch of unusual dependabil- 
ity and long life. 

Operating life is measured in millions 
of steps. Over 30,000,000 operations 
have been logged with two cams and a 
36-tooth ratchet; 10,000,000 with eight 
cams. Models are available with from 
1 to 8 cams. Operating speed is 60 sps, 
self-interrupted, 30 sps, remote- 
impulsed. 

The Type 200, as »re all CLARE step- 
ping switches, is available with a wide 
variety of hermeticitiy s led enclosures 
or dust covers to insure precise opera- 
tion under all conditions. 


Production quantities available in late 
fall. Send for Bulletin CPC-7 


C. P. Clare & Co., 3101 Pratt Blvd., Chicago 
45, Illinois. In Canada: C. P. Clare Canada 
Ltd., P. O. Box 134, Downsview, Ontario. 






Cable Address: CLARELAY 
Complete data on construction fea- 
tures, circuitry, performance charac- 


teristics and application advantages 


of the entire CLARE line. Relays and Related Control Components 
SEND FOR CATALOG 202 TODAY 





For Bulletin CPC-7, Circle Number 126 on inquiry Card —For Cotolog 202, Circle Number 178 on Inquiry Cord 
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Hectronic Poducts MEWS 





by CARBORUNDUM’® 


Need High-Power Packaged Loads? Here’s an example: 


Custom engineered PULSE AND RF LOADS 


Designed to individual customer 
requirements, completely assembled 
pulse and RF loads are offered by 
Carborundum’s Globar Plant. They 
utilize GLOBAR® high power, non- 
inductive resistors mounted so as 


os 284,” mel 
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to present the lowest possible 
inductance. 

A typical modulator load is pic- 
tured here. Peak pulse voltage is 
12 KV and the average power rating 
is 10 KW. The load is cooled by forced 
air at 300 CFM. A viewing resistor 
is provided so that 1/1000 of the 
pulse voltage is available at a BNC 
jack. Similar loads can be designed 
using cooling. 

Loads utilizing the non-linear 
characteristics of GLOBAR varistors 
are also supplied for simulating the 
characteristics of magnetrons and 
other microwave tubes. For informa- 
tion, write Globar Plant, Refractories 
Division, Dept. EML-90, The Car- 
borundum Co., Niagara Falls, N. Y. 
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BORON NITRIDE...new Carborundum 
material offers wide possibilities for 
MACHINED INSULATING SHAPES 


toron nitride is a comparatively 
new insulating material having high 
electrical resistivity, high dielectric 
strength, and good mechanical prop- 
erties even at elevated temperatures. 
It differs from the usual ceramic 


materials in that parts can be easily 
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For ceramic parts and metallized assemblies, Kovar alloy, ceramic resistors, varistors and thermistors . . 


machined using standard machining 
techniques. No subsequent firing is 
involved. Close tolerances, high sur- 
face finishes and intricate shapes are 
readily produced. Advantages for 
many electronic applications will be 
apparent. 

Production of machined shapes to 
customer specifications is a specialty 
of Carborundum’s Latrobe Plant. 
Tooling provides for long or short 
runs on the most economical basis. 
Savings in time due to simplicity of 
production are often considerable. 

The photo shows the machining of 
a semi-conductor jig produced in 
volume for a leading electronics 
manufacturer. A technical bulletin 
giving the properties of boron nitride 
is available. Write Latrobe Plant, 
Refractories Div., Dept. EMB-90, 


Carborundum Co., Latrobe, Pa. 
ircle 128 on Inquiry Card 








Close tolerances possible 


in ALUMINA SHAPES 


Ceramics made of high purity 
alumina withstand most voltages, 
frequencies and temperatures en- 
countered in electronic applications. 
Both simple and highly complex 
shapes are produced in volume by 
Carborundum. Machining and grind- 
ing operations both before and after 
firing make it possible to manufac- 
ture intricate O.D. and I.D. designs 
to extremely close tolerances. 

The photo shows examples of 
parts designed for a radome appli- 
cation. Similar shapes are produced 
for missiles, rockets and aircraft. 
Three types of alumina are available 
from Latrobe: 

1. 1510 (100% alumina) special purpose 


porous body for vacuum devices. Can be 
degassed easily. 


2. 1542 (96% alumina) developed primarily 
for vacuum tube envelopes. Exceptional 
strength, refractoriness and wear 
resistance. 


3. 1550 (85% alumina) vitreous body with 
high mechanical strength. 


For information, write Latrobe 
Piant, Refractories Div., Dept. EMA- 
90, Carborundum Co., Latrobe, Pa. 
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LATEST INFORMATION ON 
KOVAR® ALLOY 


Kovar is the standard 
matched-expansion 
alloy for critical glass- 
to-metal sealing prob- 


lems. Bulletin gives 
data on composition, 
properties and applica- 
tions. Write Latrobe 
Plant, Refractories Div., Dept. EMK-90, 
Carborundum Co., Latrobe, Pa. 
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Now one film wire can 
replace six or more 
standard films... 


IT's PHELPS DODGE 


Another Example of Phelps Dodge 
Applied Research! 


In developing POLY-THERMALEZE, the indus- 
try's first multipurpose magnet wire, Phelps 
Dodge has made a major contribution to the 
electrical equipment field. This polyester film 
wire combines the outstanding properties of 
six or more conventional wires for motor, coil, 
dry type transformer use. POLY-THERMALEZE 
does not sacrifice one property for another— 
is completely balanced in all. It offers a ready 
means of reducing cost by standardizing 
inventory to one wire for most applications. 


Any time your problem is magnet wire, 
consult Pheips Dodge for the quickest, surest answer! 


FIRST FOR 
wee ee Lene 
el 
MINE TO MARKET! 


PHELPS DODGE COPPER PRODUCTS 
CORPORATION 

INCA MANUFACTURING DIVISION 

FORT WAYNE, INDIANA 
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TYPE SAF 






TYPE SDAF 
Heavy-duty 
Pillow Block 


TYPE SY 
Unit Ball Bearing 
ge ele 


blocks offer 
they 


easy assembly 


Most pillow 


and rugged 
housings. But can 


offer you low friction, self 
aligning bearing operation and efhcient sealing as well? 
They can—if they're the @fF 


flanged mounting, shown here. 7 ype SAF, for example 


pillow blo« ks and 


comes equipped with low-friction ball or spherical 
And 


these bearings are effectively protected by Priple-Seal 


roller bearings that are inherently self aligning 





Can you get 
these “special” 
qualities in 
“standard” 
pillow blocks? 


TYPE FY 
Unit Ball Bearing “™ a 
Fianged Mounting 





rotating rings. Abrasives and corrosives can't get to 
them—oil or grease can't drip out 

Yet thisisastandard B&F pillow block, that is com 
petitively priced in spite of tt combinat of extra 


it for shaft sizes from %” to 1014” 


\ cast stecl 


features. We make 
for mounting directly or with an adapter 
housing (SAFS) 1s available for heavy duty applications 


For details, call one of our twenty-five offices 


, ' EVERY TYPE-EVERY UGE 
4 . Oar INDUSTRIES INC PHILADELPHIA 32 PA 
Spherical, Cylindrical, Ball, “Tason Tapered and REED Miniature Bearings 
"nec vs PAT orr 
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‘Tra ngitron 


introduces 
an exciting new device for simpler, more 
reliable, more economical switching circuitry 


BINISTOR 


(BY- NIS- ee ae ae a ae 


The Silicon NPN Tetrode binistor is a new com- 
ponent and a new concept for the circuit designer! 
The key parameters of this bi-etable, negative 
resistance device are determined by external cir- 
cuitry in contrast to existing devices. The significant 
reduction of peripheral circuitry results in outstand- 
ing savings in cost, space, weight and solder con- W SILICON TETRODE 
nections. For example, a typical flip-flop requires at BINISTOR 
least 13 components versus only 4 in an equivalent | CIRCUIT SYMBOL 
binistor stage. Very large current and voltage gains I 
are realized in both on and off directions. Inputs 
and output are compatible in level with typical 
transistor and diode circuits. The tetrode binistor 
can operate from — 80°C to +200°C. 
To learn more of this important new develop- BINISTOR 
ment — THE BINISTOR — and how it works — OUTPUT 
write for Bulletin No. TE-1360. CHARACTERISTIC 


CONDENSED SPECIFICATIONS TRANSITRON BINISTOR 


Typical Turn off Current Gain  06@ @ 15a Coltector Current 


COLLECTOR CURRENT 


Operati ng Collector Current Range yal to 15ma 


|, critical 6. sma @ sma Collector Current 


Operating Temperature Range with- - 
out Temperature Compensation —65°C to 150°C COLLECTOR TO EMITTER VOLTAGE 


‘Trangitron 


electronic corporation 


wakefield, melrose, boston, mass. 
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ric News 


DEVELOPMENTS IN NICKEL 
AND NICKEL ALLOYS 
AND THEIR APPLICATIONS 





~ Ragged new switch MONEL IS PROVED MOST PRACTICAL 
METAL FOR RESISTANCE TO CHLORIDE 
CORROSION IN STORAGE BATTERIES 


“turns off”’ 
corrosion troubles 


Monel alloy helps fight action of 
oils, greases, acids, salt spray 


BRIDGEPORT, CONN. — Designed | 
for service in plating rooms, chemical | 
plants or ships on the briny deep, the | 
new Chem Marine line of rugged wir- | 
ing devices is well-protected against 
“problem” atmospheres. 

Protection for the devices, made by | 
Harvey Hubbell, Inc. and identified by | 
their bright yellow color, includes stra- 
tegic applications of Monel alloy. This 
tough, corrosion-resisting material is | 
used for cord grips, mounting straps, 
and other exterior metal surfaces. 


Monel alloy helps 
boost service life | 
of switch exposed | 
to acid fumes from 
plating baths be- 
low. Monel alloy—| 
used for cord} 
grips and other 
exterior parts — 
is easily stamped, | 
formed, soldered | 
or welded. 





Monel alloy — The Seagoin’* Metal 


This salty slogan aptly describes Monel 
alloy — well-known for its resistance | 
to salt water. Monel alloy is famous, 
too, for outstanding staying power in| 
many severe industrial corrosives —| 
including sulfuric acid concentrations. | 


Its mechanical properties include high | 
strength, ductility and toughness. |} 
Thus, Monel alloy is a natural choice || 
for these wiring devices, designed to|§ 


withstand attack by acids, lubricants, 
weather, heavy impact — or violent 
cleaning with hot water or live steam. 


WHAT MATERIAL GIVES YOU THE 
BEST COMBINATION of performance, | 
fabricating, economic factors? For help- | 
ful general information — on physical | 
and chemical properties and typical ap- | 
plications — we offer the booklet “Nickel 
Alloys for Electronic Uses.” It gives | 
latest facts on 17 readily-available 
nickel alloys, and is yours for the asking. | 
| 
| 
| 


For Service on Specific Metal Problems, 
simply outline them in a letter to Hunt- 


|— has 
|resistance as Monel alloy but offers 





ington Alloy Products Division. 


Free-machining “‘R” Monel 
alloy also helps speed 
production of terminal nuts 


WEST ORANGE, N. J.—Corrosion- 
resisting Monel* nickel-copper alloy is 
providing the best combination of 
properties —from a performance and 
fabricating standpoint—for containers 
in several types of units produced here 
by Thomas A. Edison Industries, Stor- 
age Battery Division. The corrosion- 
resistance of Monel alloy is particu- 
larly useful, in this case, for battery 
service involving such corrosives as 
chlorine, hydrogen chloride and many 
other chlorides. 

A similar material—“R” Monel* alloy 
the same general corrosion- 


additional advantages in machining 
behavior, which prove valuable in the 
mass production of terminal nuts. 
Formulated specifically for modern 
production methods, “R” Monel alloy 


| permits improved machining at rela- 


tively high feeds and speeds on auto- 


matic equipment. 


Several mill forms available 


“R” Monel alloy is furnished in rods 
and shapes — hot rolled or cold drawn 
—and in cold-drawn wire. In high- 
speed machining, best results are ob- 


Corrosion-resisting parts of “R” Monel 
alloy function dependably in miners’ 


lamp batteries. *Inco trademark 


; in 


_ 


“R” Monel alloy helps Edison combine 
vital corrosion-resistance and strength 
with easy machinability for terminal nuts. 
Electrical resistivity of “R” Monel alloy 
is comparable to that of Monel alloy: 
(about 290 ohms per circular mil foot at 
32°F, or 48.2 microhms/em’ at 0°C). 


tained when properly ground high- 
speed tools are used. Detailed data on 
selection and use of tools is provided 
sulletin T-12, “Machining Inco 
Nickel Alloys.” 

Experience with “R” Monel alloy 
indicates that cold-drawn rod, No. 1 
temper, offers best machinability for 
sizes up to 14 inch diameter. As-drawn 
temper is preferable for the larger 
sizes. All sizes are produced to con- 
trolled ranges of tensile properties. 


Pertinent Literature: 

Bulletin T-5, “Engineering Properties 
of Monel and “R” Monel” 

sulletin T-12, “Machining Inco Nickel 
Alloys” 


HUNTINGTON ALLOY PRODUCTS DIVISION 
The International Nickel Company, Inc. 
Huntington 17, West Virginia 


sco, ALLOY PRODUCTS 
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Double Width Bearings Hold More 
Grease.../nsure Longer Motor Life! 


Bearings in RopsBins & MYERS 
motors run in double-width races 
with extra-large lubricant reser- 
voirs. Bearings are fully sealed and pre-lubricated with 
laboratory tested grease which resists dust, temperature, 
humidity and high operating speeds. Tests prove these bear- 
ings can withstand six to nine years of severe service without 
relubrication. Bearings are further protected by metal seals 
on each side. Seals keep impurities out, prevent failure caused 
by, “forgotten” lubrication or damaging over-lubrication. 
R&M insures longer motor life with many additional 
features: Mylar® insulation that has 8 times the dielectric 
strength and 35 times more moisture resistance than ordi- 
nary paper insulation . . . removable caps for quick bearing 
inspection and relubrication . . . end heads that give full- 
height protection . . . dual-sweep ventilation for efficient 
cooling. For details, write today for Bulletin 520 EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO +» BRANTFORD, ONTARIO 
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Ys H.P. 
INSULATED with 


Motors insulated with Mylar® 
are smaller... lighter 


Motors above have the same rating, 
but the smaller, lighter one takes 
advantage of “Mylar’’* polyester 
film for slot and phase insulation. 

Because of its excellent electrical 
and physical properties, ““Mylar’’ can 
be used in thin gauges to help reduce 
motor size up to 40% and weight up 
to 33%. The thermal stability of 
*‘Mylar” allows motors to run hotter 
and develop more horsepower from 
a given frame size. 


Insulation of “‘Mylar’’ contributes 
built-in reliability and longer life to 
appliance motors because its proper- 
ties do not change over long periods of 
continuous operation at high temper- 
atures or when exposed to chemicals, 
solvents and lubricants. And because 
“Mylar” is unaffected by moisture, 
current leakage and shock hazard 
are cut to a minimum. And yet, 
motors insulated with ‘‘Mylar’”’ 
frequently cost no more than those 


using other common types of in- 
sulation. 

Whether you manufacture or buy 
electrical products, you can get im- 
proved performance with Du Pont 
““Mylar’’. And, figured on a square- 
foot basis, ““Mylar’’ will oftencost you 
less than your present material. For 
full facts on ““Mylar’’, write for free 
booklet. E. I. du Pont de Nemours 
& Co. (Inc.), Rm. #14, Film Depart- 
ment, Wilmington 98, Delaware 


** Mylar” ia Du Pont's regiatered trademark for 
ils brand of polyester film. 


Tough, thin ‘“‘Mylar’’ has this unique combination of 
properties for superior insulating performance. 


e Average 4,000 volts per mil dielectric strength 
(ASTM D-149). Average power factor of 0.002 at 60 
cycles. 


e Thermal stability from -60°C. to Class B range. 
e Chemical and moisture resistance. 
e Resistance to aging, abrasion, tearing and rotting. 
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Better Things for Better Living through Chemistry 


DU PONT 


MYLAR 


POLYESTER FILM 


IM CAPACITORS — Units insulated with 
“Mylar” have superior moisture resis 
tance end tonger life meet highest 


fetabrlity standards 
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NEW 
LOW 
I 

HEIGHT 


AEROVOX MOTOR-RUN CAPACITORS 


AEROVOX CORPORATION 
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THE NEW CUTLER-HAMMER SIZE 


ha 
CUTLER-HAMMER 


SIZE 5 PANEL AREA 


PANEL AREA 645 SQ. IN 


PANEL AREA 


PANEL AREA 475 SQ. IN 
270 SQ. IN. 


322 SQ. IN. 227% 
141 . 
63% 141% LARGER 
LARGER 


PANEL AREA 


37% 


7 SQ. IN. 
=a LARGER 





VOLUME VOLUME 2540 CU. IN VOLUME. 2820 CU. IN VOLUME 5750 CU. IN VOLUME 5775 CU. IN 
1480 CU. IN a LARGER 90™, LARGER 224% LARGER 288% LARGER 


o 
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Now! A complete line of easy- 


to-install Cutler-Hammer Starters 
including a new compact Size 5 


7 sizes for use as components or as complete starters 
(Size OO, O, 7, 2, 3, 4 and 5) 


Now get all the advantages of Cutler- 
Hammer's Three Star starter line in seven 
sizes. You can control motors from frac- 
tional hp up to 200 hp, now that the new 
Size 5 is available. 


The new Size S& starter needs only an 
eight-inch deep case. Its open dimensions 
are only 13” wide, 15 3/16” high, 714” deep 
. and is available as a non-reversing or 
reversing starter or as a contactor. 

Even the wiring’s easier. Instead of strug- 
gling to force the line and load cables into 
the lug connectors, the lugs unbolt, and 
are easily reassembled. 

You still get, of course, the famous Three 
Star advantages that have made Cutler- 
Hammer Starters so famous: dependable 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer tnc., Milwauker 
Gm a 


Wisconsin « 
Hammer International pocial 


sites: Canadian Cutler-Hammer 


Division: Airborne InstrumentsgLaboratory «+ 


pivoted armature, vertical contacts that 
don’t collect dust, ease of installation, ease 
of inspection and maintenance, plus many 
other features. 

Be sure to send for Pub. LO-69-S231 to 
get all the facts on the complete Cutler- 
Hammer Starter line. 


What's New at Cutler-Hammer? 
There’s a new spirit here. You can see it in 
the new products, the new engineering 
talent, the increased plant capacities. We’re 
ready for the great growth of the sixties so 
you can be ready to meet the great de- 
mands upon your capacities. We'd like to 
tell you more. Contact the Cutler-Hammer 
electrical distributor or the Cutler-Hammer 
sales office nearest you. 


Subsidiary: Cutler- 
stler-Hammer Mexicana, S. A. 





Ltd.; ¢ 
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SPEEDING UP ASSEMBLY LINE WITH 


KLEIN evectronic Pliers 


Od 
Ua 


J 
an 











Inthe rapidly growing field 
of electronics, there is an 
increasing need for highly 
specialized pliers. While 
you're using a plier de- 
signed to do a particular 
job, not only is assembly 
speeded up but better per- 


formance is assured. 





Our own engineers, 
working with electronic 


manufacturers, have de- 







veloped many pliers that 
MIDGET serve the specialized needs OBLIQUE 
aaah of this field. CUTTERS 


On this page are shown 






a few of the many pliers 






available in the complete 





Klein line. 


=. = WRITE FOR CATALOG 


If you do not hove a copy of the new 
321-414 Klein Catalog 103A illustrating and 
describing Klein Pliers, write for a copy 
it will be sent without obligation 
















ASK YOUR SUPPLIER 
Foreign Distributor: 
International Standard 
Electric Corp., New York 








| Mathias rod 7¢ 0d ee & BTS 


TT RT ee 
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Idling at 70° below zero—or pushing at 127° 
one IRlationar brush fits both jobs! 


PROBLEM: This earth-moving equipment 
operated in rugged terrain where tem- 
peratures might vary 200 degrees. 
RECOMMENDATION: Henry Frasch 
and the manufacturer agreed on“ National” 
Brush Grade SA-45. 

RESULTS: Excellent cold weather and 
tropical performance even where com- 
mutator speeds reach 5,000 RPM. 


aaa Contact your “National” Brush Man 


“National"’, “N"’ and Shield Device, | NATIONAL CARBON COMPANY UNION 


“~ ina Division of Union Carbide Corporation + 270 Park Avenue, New York 17, New York CARBIDE 
IN CANADA: Union Carbide Canada Limited, Toronto 
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Meet military spec requirements 


AC contactors 


For magnetic operation on motor 
loads through 200 hp at 440 
volts, 3-phase, 60-cycle; are 
available with 3 or 41/2 poles. 


Thermal overload relays 


Both heater- (above) and induc- 
tion-type; adjustable from 90 to 
110 percent of rating; resetting 
time 60 seconds after tripping. 


Terminal boards 


Designed for 25-, 50-, 100-, and 
150-amp circuits. Termination 
points—either 2, 3, 5, 7, or 9— 
have fire-resistant base. 


AC relays 


Interlocking or undervoltage relays; avail- 
able with four to eight poles in ratings to 
10 amps; both single-pole (above) and 
multi-pole contact arrangement. 


Reset relays 


A remote method for resetting overload 
relays; consist of potted solenoid coil 
and a mechanical linkage on corrosion- 
resistant steel base with insulated leads. 


Fuse blocks 


oe 


Rated up to 30 amps; blocks consist of 
a fire-resistant molded-compound base 
with metal terminals and fuse clips; con- 
venient single-hole mounting. 


DC contactors 


cerns Daceerare 
Cre sg 
“ a 
— low 
apart 


Diesel-starting (above), time-delay, sizes 
1, 2, and 3 for magnetic operation on 
motor loads through 25 hp at 230 v d-c. 
Submarine service forms available. 


Panel-mounted pushbuttons 


For use on a-c or d-c circuits where 
momentary contact is required; available 
in standard or oiltight forms in variety of 
contact arrangements. 


Resistors 


Starting and regulating duty on motor and 
generator field adjustment, load banks, 
etc.; available in ratings from 21.5 to 42.5 
amps continuous and five lengths. 


° 
















DC relays 


Multi-current and overcurrent relays 
(above) are used as interlocking or under- 
voltage relays, and on electronic applica- 
tions requiring shock-damage design. 


Panel-mounted selector switches 





For use on either a-c or d-c circuits where 
maintained contact is required; available 
in three forms; can be mounted on panels 
up to 3/16-inch thick. 


Manual starters 


For single-speed, 1- or 3-phase, squirrel- 
cage induction motors or d-c motors. Size 
O starters are dripproof or flush-mounted; 
rated 3 hp 440-volt a-c maximum. 






with General Electric Hl-shock 


control components 


A complete line of devices designed for 
extreme environmental applications 


© Shock 
© Humidity 
© Fungus 


e Vibration 
® Tilting 
© Temperature 


Whether you're designing equipment to meet exacting Navy speci- 
fications . . . or for missile hard-site applications where adverse 
environmental conditions are inherent ... one or more of General 
Electric’s HI-shock control components may well be the answer to 
your circuit design problems. 

All General Electric HI-shock control components are designed, 
built, and tested to perform reliably in virtually all operating 
conditions including shock, humidity, fungus, vibration, tilting, and 
high or low temperature. 

Outstanding features you get with the complete line of General 
Electric HI-shock control devices include: 1) all front connection for 
easy servicing; 2) fire-resistant compound bases, and 3) all corrosion- 
resistant metal parts. 


CATALOG OFFERS COMPLETE DESIGN DATA 


General Electric’s Control Components Catalog contains dimen- 
sional outlines, electrical design data, environmental limits, MIL 
Spec references, and prices on all HI-shock devices. To have this 
valuable information at your fingertips, call your General Electric 
Sales Engineer today. Or mail the coupon below. Industry Control 
Department, Salem, Virginia. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 


SEND TODAY FOR FREE CATALOG 


General Electric Co., Section G785-15 
Schenectady 5, New York 


Please send me a copy of the Navy Control 
Components catalog, GEA-6798, with descrip- 
tions, specifications, and pricing data on the 
complete line. 


Name - ew: 
CI sinensis 


Address—_— sient acibdlbndiiaigaeaipaadbenitcteciaetgd aati 
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These 


2 UNITS 
are the basis 
dj fora Complete System 
pt relays 









TIME DELAY RELAY 
Ciass 9060 

Class 8501 Type AO-1E 
Type 00-22 


e 9 Ma 
. e / 
/ 
/ 
&e -? / 
CONTROL RELAY “_ ae 
ms os 
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Here’s why designers and 
users alike prefer Square D... 


Complete selection . Relays available for 
both AC and DC systems—with up to 10 con- 
tacts—in both electrically and mechanically 
held forms. Timing relays with intervals from 
0.2 second to 3.0 minutes—also in AC and 
DC versions. 

Require less panel space « Relays are only 
3” wide, range in height from 34” to 5" .Timers 
are just 2%" x 4%6" or 22" x 7*n". Mechani- 
cally held relays require no extra panel space. 
No mounting problems « Al) Type D relays 
and Type A timers have identical mounting 
hole dimensions. 


Easy wiring « Choose either pressure wire connectors or 
slip-on connectors for all terminals. 
Long life « Balanced construction reduces wear on single 


moving part. Epoxy-resin molded coil operates cooler, vir- 
tually eliminates coil burnout. 
























SQUARE J) COMPANY 


ELECTRICAL MANUFACTURING 


rarea 2 np s6VU-Vvoll G-c Maximum. 
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Square D sw-aevens Relays 


RELAYS FOR EVERY JOB 


=~. 


Square D Type DO relays avaiiabie 


Easy-to-use attachment converts 
with up to 10 contacts 


any Type D relay to mechanically heid 
with no increase in panel space 


OC relays have mounting dimensions 
and contact arrangements 
identical to AC relays 


WIDE CHOICE OF TIMERS 





J o F . ee 
r 6 7 > : ‘ f . a P 
P . | 
Timing relays have Both AC and DC versions convertible 
seme mounting dimensions 
as Type D relays Relay-operated timer 


from on-delay to off-delay, using 


Matching OC timing relays only a screwdriver 


FAMILY FEATURES SIMPLIFY DESIGN PROBLEMS 


Disassembly from 
front in 20 seconds, 
makes Squere D 
Type D relays easi- 
est to maintain 


Mounting dimensions are identical Slip-on connectors 
for Type A timers and Type D relays for all terminalis available 
\ Waite for full details + Ask for Bulletin D, Square D Company, 4041 N. Richards St, Milwavkee 12, Wis. 
\ 
‘ 


\Sumire © otters the Rrentest Hine of relays, carters en ensnnenten tuna amps 4f centre epetime 


Ask your Square D Field Engineer about the new/LO program «>é (W) edad 
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actual size 


GEARMOTORS 3/4 SMALLER 


The Globe a.c. gearmotor you see superimposed against a conventional 
right-angle gearmotor will give your product major advantages: Globe's 
version is much smaller than the big style, is interchangeable with 
slight mounting changes, produces the same torque, and should run 
5 to 7 times as long without maintenance, even with high inertia loads 
Study the picture above with your application in mind 

Furthermore, Globe gives you a choice of 101 standard planetary 
gear ratios, and any special ratios or other features you need. The 
Giobe gearmotor is competitive in cost even though it meets military 
specifications. if you don't have rigid environmental requirements 
Globe can furnish a commercial version in production quantities at a 
saving to you. If you design with induction or hysteresis synchronous 
gearmotors— investigate now. 

Globe has available for immediate shipment prototypes of the Type 
FC, 115v. a.c., 60 cycle synchronous motor in the following gear ratios 
352.6 to 1 (10.2 rpm, 160 oz. in. out), and 27.94 to 1 (64.4 rpm 
19 oz. in. out). Other variations, including d.c., about 4 week delivery 
Please request Bulletin FCB from Globe Industries, Inc., 1784 Stanley 
Avenue, Dayton 4, Ohio. 






fo] MM @)-1-—8 GLOBE INDUSTRIES, INC. 
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MANUFACTURING 
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. WITH " 2N730 and 2N731 SILICON MESA TRANSISTORS 


See how these performance - proved character- 
istics apply to your high-current, high-speed 
switching circuits... 

High-current loads — Switch 100 ma at 10-mc 
rates using TI 2N730 and 2N731 transistors 
actuat swe $= =©(see applications circuit) e Fast switching — 
—awees = Note 20 millimicrosecond rise and fall times on 
6 Mepesyetes the waveforms illustrated e Size and weight — Save both 
aoe ad a size and weight with the subminiature TO-18 packaging of 
T~-235C the TI 2N730 and 2N731 ‘mesas’ e Dissipation — Get a full 
500 mw (T,=25°C) or 1.5w (Te =25°C) with beta spreads 
of 20-60 (2N7320) and 40-120 (2N731) e Reliability — 
TI Quality Assurance guarantees you performance to 
10 Megacycles specifications e Applications — Use the TI 2N730 and 2N731 
ee ra guaranteed performance in your digital computer clock pulse 
T,-28°C re generators and similar high-load, high-speed, high-reliability 
circuits. Check these specifications: 
clectrical characteristics at 25°C amblent (unless otherwise noted) 
TEST CONDITIONS = min = max 
Icpo Vog = 30v ig=0 - 1.0 
ceo Collector Reverse Current at 150°C §8=— Vog = 30 ig=0 = 
8VcB0 Collector. Base Breakdown Voltage I¢ = 100.8 ig=0 60 
BYcER Collector-Emitter Breakdown Voltage Ice g= 100ma 
Ree ~ 10 ohms 
BVego Emitter-Base Breakdown Voltage ig = 100 pa ig=0 
bre OC Forward Current Transfer Ratio ig=180ma Ss Vg = 10 Total Device Dissipation at Case Temperature 25°C. . 2. . 
Vegtsat) Base-Emitter Voltage i¢ = 150ma 1g =15ma . 
Vegsat) Coliector-Emitter Saturation Voltage ig=150ma—sig= Sma Storage Temperature Range - Ce ssc 


Me AC Common Emitter Forward i¢ = S0ma Veg = 10v 
Current Transter Ratio f = 20mc 


Cop Common. Base Output Capacitance ig~0 Vog = 10v 
f=Imc 
*Pulse conditions: Length = 300us, duty cycle < 2% 


CALL YOUR TI SALES OFFICE OR LOCAL AUTHORIZED TI DISTRIBUTOR 
FOR PRICE, DELIVERY AND COMPLETE TECHNICAL DATA. 


TEXAS INSTRUMENTS 


INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 + DALLAS, TEXAS 


re rrr 


7 the FIRST silicon transistor manutacturer 
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SERVICES EXPANDED TO INCLUDE 


PRODUCTION OF 


INSTRUMENT BEARING ASSEMBLIES 


By RICHARD H. CHERWIN, Executive Vice President 


New Hampshire Ball Bearings, Inc. 


New Hampshire Ball Bearings, Inc., has established a separate 
facility — the Rotassembly Division — for the manufacture of 
instrument bearing assemblies to customer specifications. Pro- 
duction of shafts, housings, and pulleys of various configurations 
your designs may require is also included in this newest of serv- 
ices to instrument makers. We believe our experience in the 
manufacture of miniature and instrument ball bearings makes 
this a logical expansion of our activities. 
This new service can help you if you are having problems in any 
of these areas: 

Purchasing and handling instrument ball bearings; 

Cost of assembling such bearings into units with proper fits; 

Cost of purchasing various components from separate sources 

with delays caused by un-co-ordinate deliveries; 

Cost and difficulty of manufacturing components; 

High rate of rejects and costly tear-down of assembled end- 

products to correct failures. 


FREE DESIGN STUDY AND COSTING 


Activity here starts from designs submitted by you. Without 
obligation, experienced application and production engineers, 
also Division technicians, study your drawings with regard to 
these factors: Will the bearings function as required by the 
application? Can selection and mounting of the bearings be 
modified for better performance? Is the assembly a type and 
size compatible with NEW HAMPSHIRE’s experience and 
equipment? 


CARRIAGE 


PRECISION MANUFACTURE 


Instrument bearing assemblies accepted for manufacture are 
produced on the same types of precision machines that equip 
our Bearing Facility. Employing techniques developed to manu- 
facture NEW HAMPSHIRE Bearings to ABEC Class 7 and 
better tolerances, components of your unit are ground to 
tolerances required for proper, easy assembly. Costly reworl 
and refitting are eliminated. Competent technicians staffing the 
Rotassembly Division are thoroughly experienced in custom 
work in cost-lowering production quantities. 


ASSEMBLY AND INSPECTION 
FOR TROUBLE-FREE PERFORMANCE 


Assembly and inspection of instrument bearing assemblies 
are done on the same equipment used to process NEW 
HAMPSHIRE miniature and instrument ball bearings. In dust- 


iree, temperature-controlled facilities, each component of your 
mechanical unit is critically inspected and tested before as- 
sembly, then the unit is functionally tested after assembly 
Performance levels required of them are the same as for NEW 
HAMPSHIRE Bearings and fitting practices followed during 
assembly are as outlined in the ‘Design & Purchasing Manual 

Instrument bearing assemblies shipped to you are ready for 


installation into your products. 


MANUFACTURE IS RESTRICTED 


Manufacture is restricted to mechanical units in which 
correct installation and function of bearings are major 
critical elements in the performance of the assembied 
unit. We are not manufacturers of gears, gear trains, gear 
boxes, motors or electrical components and we are not 
qualified to produce these items. Relationship to instru- 
ment bearings is a primary qualification for all assemblies 
we elect to manufacture; it is in such types that our ex- 
perience can best help you. 


INQUIRIES INVITED 


If you wish more information about the Rotassembly Division 
— and our newest service to instrument makers write or 
phone collect to the Regional Office in your area or the Main 
Plant in Peterborough. 


EASTERN REGION 
61 Cutter Mill Road 
Great Neck, New York 
HUnter 2-8633 


NORTHEASTERN REGION 
Route 202 
Pcterboreuan. New Hampshire 
WaAInut 4.3311 


WESTERN REGION 
1540 North Highland Avenue 
Hollywood 28, California 
HOllywood 4-0208 


CENTRAL REGION 
566 Northwest Highway 
Des Plaines, Iilinois 
VAnderbilt 7-6646 


HAMPSHIRE BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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Westinghouse completely redesigns its breaker line 


Newly designed breaker line simplifies frame designations ... reduces space 


requirement up to 50%. B: 
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70-225 amps, 600 voits a-c, 

250 volts d-c, 2 and 3 
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Replaces: ./K and K breakers 
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IR @ 240 volts a-c: 50,000 amps 


Replaces: : M ond Co breakers 


IR = Interrupting Rating 


+ 


SAF-T-VUE®* . .. lets you 
see whether the con 
tacts are open or closed 
Fills the needs of every 
industrial plant where 
safety codes require visi 
ble contacts. All frames 


THERMAL MAGNETIC... 
provides instantaneous 
opening on short cir 
cuits, yet permits harm 
less momentary over 
loads such as those en 
countered in motor start 
ing and initial lighting 
surges. On sustained 
overload, the higher the 
current, the shorter the 
opening time. All frames 


MARK 75 interrupts 
up to 75,000 amps at 
240 volts a-c. Costs a 
fraction of conventional 
high interrupting capac 
ity breakers. Does not re 
quire reactors or fuses, 
iS particularly suited for 
network systems 


AMBIENT 
COMPENSATED... ends 
nuisance tripping, and 
eliminates need for de 
rating where elevated or 
changing temperatures 
are encountered. All 
frames 





new breakers / new sizes / new designations 


IR = Interrupting Rating 


TRI-PAC® . smallest, 
lowest cost protective 
device you can apply 
where 100,000 amps can 
be poured into faults. Ex 
ample: network systems 
or those fed by large 


transformers 


MAGNETIC ONLY pro 
vides short circuit pro 
tection only. Primarily 
used on motor circuits 
where overload protec 
tion is provided by other 
means. All frame sizes 
except E 


WESTINGHOUSE ELECTRIC CORPORATION Standard Control Division, Beaver, Pa. Trade-Marks 


Printed in U.S.A 








Some Ideas 


Papers, in their special way, are as differ- 
ent as people . and choosing the best 
paper for a specific job can be as difficult 
as choosing the best person for the job 
Here at K&E, we try to do the work for 
you, by painstakingly determining pre- 
cisely the characteristics required, then 
refining them to the point of excellence 
Here are some good examples: 


A New Type Of Typing Paper 
lranslucent typewriter papers are very 
popular of late for typed originals from 
which numerous copies must be made. The 
savings are considerable when you use 
translucent originals through diazo repro- 
duction—savings up to 80% in many cases. 
But most translucent papers used today 
stand erasure very poorly. Recognizing 
the inevitability of human error, K&E has 
perfected a better translucent typewriter 
paper called TYPEMASTER® (193)—the 
perfect answer for those whose typing is 
less than perfect. TYPEMASTER's com- 
pletely new, engineered surface affords 
outstanding ecrasability. A thin, unusually 
tough coating, it readily catches and holds 
the typewritten image, yet resists penctra- 
tion of the ink into the paper fibers . . . and 
therein lies the secret of good erasability. 
A number of skeptics who tested the new 
TYPEMASTER sheets have now dis- 
carded all others. Skeptical or not — may 
we suggest you try it 


Tracing Pads “To Travei" 
Brilliant ideas often occur at random mo- 
ments. For that reason, engineers on the 
move usually keep a tracing pad handy. 
But pads with soft, chipboard backing are 
of little use without a desk under them. 
That's why all K&E tracing pads are 
backed with sturdy bookbinder's board 
the same tough board found in any high- 





priced, permanently-bound library volume 
Wherever you are you're assured desk-firm 
support with a K&E pad. Another plus — 
the sheets are bound in by a gummed edge 
for neat and easy removal. Available in a 
wide variety of grid patterns and sizes, 
with plain or imprinted sheets (standard 
headings), K&E book-bound, gummed- 
edge tracing pads are perfect workmates 
for the “portable” professional. 

The Most Pampered Natural Paper 

In America 

For the greatest transparency, the over- 
whelming choice is KRE ALBANENE® 
prepared tracing paper. But for ability to 
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for your file of practical information on 
drafting and reproduction ...from 


ee | 
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stand a lot of abuse on the drawing board 
and in subsequent processing and handling 

many companies prefer to sacrifice some 
transparency and use a natural tracing 
paper. Here we recommend a truly re- 
markable K&E product-BANKNOTE*™ 
(174L). This thin, flexible, 100% rag trac- 
ing paper will weather a double share of 
abuse. You can actually crumple a sheet of 
K&E BANKNOTE up into a tight ball . . 
then smooth it out to find it almost as 
good as new for reproduction purposes! 
The paper makers who produce BANK- 
NOTE for K&E proudly refer to it as 
America’s most pampered tracing paper 
No other paper we know receives the same 
care and attention... from initial inspec- 
tion of the textile bales, through every 
step of processing, to final shipment. With 
K&E BANKNOTE, papermaking skills 
come into play as with no other paper 
made on this side of the Atlantic — from 
use of a paper machine that runs a “top 
jacket” (one of the few still employed), 
through the artful “wet packing” process, 
to careful air-drying, super calendering, 
and rewinding. The result is a sheet of un 
surpassed mellowness, yet with unusual 
stamina and workability 

Now You Can “Taik"' in Triplicate 
Although low-priced canary tissue enjoys 
wide usage as a so-called “talking paper”, 
we've heard many complaints about its 


eeeGeGVrK ee ee ee cee re ee ee ee ee ee ee ee ee ee ee ee ee ee ee 
KEUFFEL & ESSER CO., Dept.cy.¢ Hoboken, N. J. 

Please send me samples and further information on the following: 

[) K&E TYPEMASTER Translucent Typewriter Paper 


K&E BANKNOTE Tracing Paper 


Name & Title 


Company & Address 
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} K&E LIGHTWEIGHT SKETCHING TISSUE 


inability to reproduce well in standard 
copying machines. With this in mind, we 
present K&E’s newest LIGHTWEIGHT 
SKETCHING TISSUE (185) — designed 
specifically as a reproducible “talking 
paper.” This tissue is ideal for preliminary 
sketching when you want sharp reproduc- 
tions from a standard diazo, blueprint or 
office copying machines. It’s a _ pure 
bleached sulphate with just enough yellow 
tint added to afford good contrast for pen- 





cil, charcoal or crayon. You'll find K&E 
LIGHTWEIGHT SKETCHING TISSUE 
well worth any small price difference. 

You can test this quartet of fine papers 
at your local K&E dealer’s .. . or use the 
coupon below to get samples for private 


perusal. Do it today ... there’s a world 
of better work at stake. 
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AIR EXPRESS... 
FIRST ON, FIRST OFF 
ooo FIRST CHOICE 
NATIONWIDE! 


AiR EXPRESS goes where the jets go. /t has ever 
since the first commercial jetliner roared skyward. 
But 600 mph speed is just one more reason pro- 
gressive businesses hail AiR ExPRESS as America’s 
modern way of doing business; there are others: 
Like the sure knowledge that AiR EXPRESS gets 
first priority treatment on all 35 of the nation’s 
scheduled airlines. It’s always first on, first off— 
with new loading systems tailored to the jet age, 
and kid-glove handling every mile of the way. 


ELECTRICAL MANUFACTURING 
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Other reasons? Dependable overnight delivery 
to more than 20,000 communities. Prompt pickup 
and delivery service by the AiR EXPRESS fleet of 
trucks — many radio-dispatched for maximum 
speed. Immediate confirmation of delivery, too, via 
the giant AIR ExPRESS-operated teletype network. 
And, in some areas, helicopter service links small 
airfields with major terminals, 


That's why, more than ever, it pays to think fast, 
think AIR EXPRESS first. One phone call is all it 
takes to enlist the skills of thousands of AIR 
EXPRESS specialists—and speed your product 
FIRST TO MARKET...FIRST TO SELL! 


AIR EXPRESS 


& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY «+ GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 


SEPTEMBER 196 
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SILICONE NEWS from Dow Corning 





Hasier to Process... 





New Silicone Rubber Tape Cuts 
Application Costs 50 to 60% 


Now you can give motors, generators and other electrical equipment the 
superior protection of a silicone rubber insulation system at far less 
overall cost. The secret is triangular Guideline tape made with Silastic®, 
the Dow Corning silicone rubber. 


Easy to apply, Guideline tape introduces new processing shortcuts. The 
end result: new low-cost protection for motors exposed to outdoor ele- 
ments and industrial contaminants. Insulated with Silastic, open motors 
easily withstand the toughest environments. The reason is simple! 


Silastic retains exceptional electrical and physical properties from —90 to 
250 C, resists arcing, ozone, corona and weathering. Guideline tape pro- 
duces a homogeneous, resilient insulation system unaffected by heat, cold, 
moisture, abrasives, many chemicals and corrosive atmospheres. 


Tapes made from Silastic are also widely used 
for insulating cable and electrical equipment 
lead wires. The photo at left illustrates the 
homogeneous insulating structure and flexibility 
obtainable with tapes made from Silastic. 





y % 


New Processing Shortcuts 


Guideline tape’s unique triangular construction 
and self-adhering properties result in these cost 


saving advantages 
A single wrap of Guideline tri- 


angular tape is all that’s needed to produce the 


One wrap only 


entire primary insulation wal! thickness. 


bonds to itself 
What's more, the tape ‘s bev- 
eled edges ove rlap, producing a void-free insula- 


Sel/-adhering The tape 


requires no pasting 


tion structure requires no filling. 


Easy to apply. A conspicuous center line makes 
it easy to achieve a precise half-lap construction 
of uniform thickness. Wrapped 


smooth surface and excellent appearance. 


coils have a 





FREE SAMPLE, full information 
and technical assistance is available 
by writing Dept. 3009. 
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Dow Corning 


LLECTRICAL MANUFACTURING 








Silicones Cut Costs 





Boost Transistor Dependability 


Dow Corning silicone compound is ideal for potting tran- 
sistors. It protects from shock and vibration, conducts 
heat away rapidly. In addition, it reduces rejection rates 
by preventing metal splatter from reaching the transistor 
wafers when caps are welded in place. These silicone com- 
pounds don’t melt, don’t thicken, and retain their excellent 
dielectric properties from —40 to 210 C, 


Transistor potting is but one of many uses for Dow 
Corning compounds. They seal out moisture at joints, on 
terminals, in many other applications . . . preventing arcs, 
shorts, flashovers, corrosion and contamination. 
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Protect Against High Heat 


Impregnating assemblies and components with Dow 
Corning 997 Varnish provides lasting protection. It’s the 
final step, for example, in completing the insulation sys- 
tems of motors and transformers designed for 180 C and 
220 C insulation systems. 


Performance-proved for continuous service at temperatures 
up to 250 C, 997 Varnish easily withstands the heat of 
overloads and severe duty cycling . . . is unaffected by 
high ambients and corrosive atmospheres . . . and offers 
better than 50 times the dielectric life of the best Class B 
impregnating varnishes. 


Circle 152 on inquiry Cord 


Contact the nearest Dow Corning 
Authorized Distributor. He's your 
best source for Guideline silicone 
rubber tape and other quality-pro- 
duced, performance-engincered sili- 
cone materials. 





Allied Electrical Insulation, Inc. 


East Rochester, N. Y. 


Brownell Distributors, Inc. 
New York 13, N. Y 


Butts Electric Supply Company 
Oklahoma City, Oklohoma 


C. D. LaMoree Company 
los Angeles 15, California 


C. E. Riggs, Inc. 
Portland, Oregon 


Ear! B. Beach Company 
Pittsburgh 21, Pennsylvanio 


E & H Electric Supply Co. 
Lovisville 3, Kentucky 


Electrical Insulation Suppliers, Inc. 
Atlanta, Georgia 


Electrical Maintenance Equipment Co. 
Philadelphia 23. Pennsylvania 


Insulation and Wires Incorporated 
St. Paul 1, Minnesota 


Insulation Manufacturers Corporation 
Chicago 6, Illinois 


J. R. Christensen Agency 
Salt Loke City 11, Utah 


McNaughton-McKay 
Detroit 4, Michigan 


National Electric Coil Company 
Columbus 16, Ohio 


Prehler Electrical Insulation Co. 
Chicago 39, Illinois 


Robert McKeown Company, Inc. 
Livingston, New Jersey 


Summers Electric Company 
Dallas 1, Texas 


The Electric Motor Supply Co. 
Baltimore 2, Maryland 


The Huse-Liberty Mica Company 
Peabody, Massachusetts 


Tri State Supply Corporation 
Los Angeles 13, California 


White Supply Compony 
St. Lovis 10, Missouri 





CORPORATION MIDLAND, MICHIGAN 


SEPTEMBER 1960 


branches: 


ATLANTA 


sosTon 


cricaso CLEVELAND OALULAS 





LOS ANGELES NEW YORE 


WASHINGTON. O.C 
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Build your products with Alcoa® Aluminum and you 
automatically combine the cost-saving benefits of 


s 
high strength and low weight. New aluminum alloys 
with tensile strengths comparable to mild steel weigh 
only one-third as much. 


Alcoa Aluminum offers you many other advan- 
tages, too: you get more metal per pound than with 
steel, brass, nickel cr copper . . . it’s easier to handle 


. . .». Nonmagnetic . . . nonsparking . . . easy to spin, 

form, bend, roll . . . costs only one-half as much as 

copper for equivalent current-carrying capacity .. . 

eae can be cast, forged, extruded or drawn . . . easily 


joined by practically any method .. . corrosion 
resistant, it requires virtually no maintenance. 
Ask an Alcoa sales engineer to show you how Alcoa 


; Aluminum can put added values for you and your 
customer into the products you make . . . or write 
Aluminum Company of America, 212% Alcoa 
Building, Pittsburgh 19, Pa. World-wide sales through 


Alcoa International, Inc., 230 Park Avenue, New 
York 17, N. Y. 


Your Guide to wie Best 


CONTROL CABINETS MADE OF ALCOA ALUMINUM are easier to handle, easier in Aluminum Value 


to fabricate . . . cost less to ship . . . let your customers install 
your product faster and easier without expensive lifting equip- 
ment... drastically reduce future upkeep because Alcoa Alu- every Tuesday, ABC-TV, and the Emmy 
; : evsw-new sconces or ane Award winning “Alcca Theatre’’ alternate 
minum is corrosion resistant . . . and maintenance-free. Mondays, NBC-TV 


a.coa ©. iciatiia . 
ALUMINUM or exciting drama watch “Aicoa Presents 
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A COMPLETE RELAY LINE FOR 


UCM PUIUTCE TMNT CALA UTTT Cnt) 
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This dependale Dunco relay “family” paves the 
way to practically any needed industrial control 
sequence, “memory” or operational circuitry 
feature. 

Smaller, moderately priced and requiring less 
operating power, Dunco 219 Frame relays have 
revolutionized many control panels previously 
“over relayed” with larger, more costly con- 
tactor type units than needed. 

Now, in matching types, Dunco offers 255 


mechanical latch, electrical reset and Frame 211 
sequence relays. 

All feature 12-pin plugs with heavy-duty 
industrial sockets. Contacts are conservatively 
rated at 10 amperes. Standard 150 volt electrical 
spacings are used throughout. All three types are 
designed for maximum control panel simplifica- 
tion and in minimum size for dependable service 
over millions of operations. 

Write for Data Bulletins on any type to 
Struthers-Dunn, Inc., Pitman, N. J. 


STRUTHERS-DUNN 


WORLD'S LARGEST ASSORTMENT OF RELAY TYPES 
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SIX DIFFERENT RELAYS? NO! JUST ONE 


But RBM “Customer-izes” This Quality Basic Relay 


The RBM 98000 Series AC or DC Relay is capably 
performing such a variety of tasks you might think 
you were seeing double. Truth is, there are so many 
different contact forms, ratings and terminal varia- 
tions... all regular production items at RBM... 
that the 98000 Series has been “‘customer-ized”’ to 
fulfill almost every conceivable requirement. RBM’s 
vast background of application engineering frequently 
can serve you with design shortcuts like this... and 
at low cost when delivered in volume. 


BUT THAT IS ONLY PART OF WHAT RBM 
CAN DO to save your time, your nerves... and 
your company money. RBM has the development 
engineering staff and the manufacturing facilities to 
assist on any control problem. No matter if it is a 
present problem, or one in the development stage. 
When the application can best be served by an ex- 
isting RBM control, we will find the right one. If a 
special control or complete system is necessary, RBM 
will engineer and develop it. 


OTHER ESSEX ENGINEERED CONTROL COMPONENTS 


Wire and Cable 


A complete line of appliance 
wiring material, radio, tele 
vision and electronic hook-up 
wire, 200° C high temperature 
Sil-K wire, automotive wires 
and cables, and flexible cords 
ele ony 
ire Products. meee 

Wire and Cable Div. | A, ',| 
Essex Wire Corp '$%) 
Marion, indiana Reseed 


Coiled Cords, Cord Sets 


Plastic and rubber power sup- 
ply cords. Terminations of all 
types (molded plastic and 
rubber). Complete line of 
Coiled Cords in HPN, Type SP 
and Types SV, SJ; covering 
full appliance range 


CORDS, LTD. 

Wire and Cable Div. 
Essex Wire Corp. 
DeKalb, ilinois 


e- Industrial Plastics 


Fiexible and rigid vinyl ex- 
truded shapes and foam cus 
tom designed and volume 
manufactured to meet your 
exact needs. Now producing 


for a variety of industrial ap- 
plications. 


Carolina Indust: ial 
Plastics Div. 
Essex Wire Corp. : 
Mount Airy, North Carolina 


ELECTRICAL MANUFACTURING 
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These component production varlalline 
perform a variety of tasks. 


a 


4 CONTACT ASSEMBLY 





for Low-Cost Solutions of Many Control Problems! 


For engineering help on the most efficient 
and low cost solution of any control problem, 
consult your local RBM Application 
Engineer or send specifications direct. 


RBM-ESSEX SALES OFFICES 


Atlanta, Ge Fort Worth, Texas Milwaukee, Wis Rochester, N.Y. 
Birmingham, Ala Hartford, Conn Minneapolis, Minn. St. Louis, Mo. 
Chicago, i! Hillsdale, Mich Newark, NJ San Francisco, Cal 
Cleveland, Ohio Kansas City, Mo Omaha, Neb. Seattie, Wash 
Dallas, Texas Louisville, Ky Orlando, Fla Springfield, iit 
Dayton, Ohio Los Angeles, Cal Phoenix, Ariz Tulsa, Okla 

Fort Wayne, ind Memphis, Tenn Pittsburgh, Pa. Windsor, Ont., Can. 


eo a 8&8 WwW 


Many are listed by U/L File No. E12139 or No. E22381. 


Varieties of coil terminals available; solder, quick connect or 
leadwires. 

Simplified magnet frame and armature assembly provides ef- 
ficient, positive action. 

Variety of mountings available. 

Pressfit contact pile-up eliminates drift; assures contact 
stability. 

Varieties of contact terminals available; solder, quick connect 
or leadwires. 

Dependable cross-bar contacts available for low voltage and/or 


low current circuits. Also power contacts available to 15 amps. 
on same relay. 


Also available is the RBM 97000 Series Relay, providing 
additional coil power or greater sensitivity. 
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| These are exclusive high quality design features of the RBM 98000: 


boca ccm ememamanan atin an aneneuneEenenEadamened 


For further specifications write for Bulletin 1060. 






“Controlling the Future” 


SEPTEMBFR 1960 


RBM Controls Division 


Essex Wire Corporation, Logansport, Indiana 
Factories located at North Manchester and Logansport, Indiana 
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FEATURES 


e Can be used with any welder 
e@ Horizontal or vertical operation 


e Fits dry box without 
modifications 


@ Quick, easy servicing, 
electrode changing 


e Adjustable linear bushing 
and electrode alignment 


e Long electrode life 
e@ Minimum deflection 
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FOR PRECISION WELDING 
OF TRANSISTORS AND COMPONENTS 


RAY THEON’S 
MODEL “M” 
WELDING HEAD 


Newest 
development 
in precision 
welding 

of miniature 
parts. 


The “M” head—Raytheon’s completely 
new precision welding device—assures 
consistent welding performance even 
when joining miniature parts. The 
secret is the advanced design that 
achieves relatively low welding currents 
and electrode pressures. 


The new head has extremely fast action 
and a new low-impact anti-hammer 
arrangement that extends electrode life 
many times. It has an air chamber that 
provides for a deflection of less than 
0001 inch under full pressure. 


The “M” head—thoroughly tested in 
transistor production—can be mounted 
horizontally or vertically and is adapt- 
able to dial feed or in-line feed for 
automated production. 


THE UNIQUE ADVANTAGES of 
an “M” head installation will be ob- 
vious to you after reading the latest 
technical bulletins. Write for them 
today at the address below 


RAYTHEON COMPANY 

Commercial Apparatus & Systems Division 
Department 548 

1416 Boston-Providence Turnpike 
Norwood, Massechusetts 

in Canada, contact Raytheon Canada, Ltd 

P.O. Box 142, Waterioo, Ontario 


Excellence 
in Electronics 
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NEW MACHINE TOOL RELAY 
Cuts panel space 












new machine tool relay 
cuts panel space 50%, 
reduces installed cost over 20% 


Westi . a 


TYPE BF CONTROL RELAY 


TYPE BF CONTROL RELAY 
cat_noO 


ACTUAL SIZE 





Here’s the new Westinghouse relay that cuts the control panel space requirements as 
much as 50%. Specifically designed for use on automated machine tools, this relay is 
smaller than any other similar unit available. Relays can be butted against each other 
in banks. What’s more, both 4 and 8 pole frames have the same mounting dimensions, 
occupy the same panel area, and can be mounted adjacent to each other without addi- 
tional electrical clearances. ® Wiring a panel is easier, too. Relay terminals are all readily 
front accessible. Each of these clamp type connections has a wire stop . . . installation 
is faster and costs less. You actually save more than 20% over outdated relays. = This 
new relay has load rating of 6 amps, 300 volts a-c—found by experience to be ideal for 
most of the machine tools now being designed. # Want more information? Contact your 
nearest Westinghouse representative or write: Westinghouse Electric Corporation, 
Standard Control Division, Beaver, Pa. Remember: You can be sure if it's Westinghouse. 


his relay in action on machine tools at the Productidn Engineering Show in Chicago—September 6 through 16. 


















precision engineered 
contro/ switches 


designed with 
brand new features 


Keeping pace with design engineers, Circle F 
offers modern control switches for every possible 
application. New economies are now 

possible through the use of standard switches 
readily modified to meet any particular 
specification. Circle F’s advanced standards 
of quality-controlled manufacture makes 
possible assembly-line production of 
highest quality “custom-made” switches 
in less time and at lowest costs. Whatever 
your need, write Department S for 
fullest information and helpful 
engineering assistance. 











1885-6 


NEW THREADED 
PLUNGER SWITCH 
for any cap 


M-1886-L4P 


NEW “PADDLE” 
HANDLE SWITCH 









Ww € 


CIRCLE F’s 

“Fine” Silver Contacts 
reduce arcing on 
slow-make, slow-break 
AC and insure long, 
dependable switch life. 





1903 


CIRCLE F MFG. CoO. 


L-40 





TRENTON 4, NEW JERSEY + For your wire requirements: Eastern insulated Wire Corp., Box 591, Trenton, N. J. 
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telemetry 

and 

low frequency 
oscillators 


Pictured here are six of the most widely used oscillators 
in electronics. All employ the highly stable, dependable, 
accurate resistance-capacity circuit. They require no zero 
setting. Output is constant, distortion is low and frequency 
range is wide. Scales are logarithmic for easy reading; all 
are compact, rugged and broadly useful basic instruments. 
Brief specifications are given below; call your ® rep for 
demonstration or write direct for complete data on any 
instrument. 


eke ome 3 aie osx [Rs | moe 
bands 2% Kc 
el ese a | 0 KC 
0 3% = 78 
160 mw - 
one exe +2% 10 volts 600 ohms 15 $00 ie watts 
6 cps to 
a a 0 
4 Ee 
PY ban wotts 
. 75 
ae Jes, pent: a eee 


*internal impedance is 600 ohms. Frequency and distortion unaffected by load resistance. 
Balanced output with onpuuste contro! at 100. Use line matching transformer for other con- 
trol settings. **internal impedance approximately 600 ohms with output attenuator at 10 db 
or more. ‘oximately 75 ohms below 5000 cps with attenuator at zero. tinternal, non-op- 
erating controls permit precise calibration of each band. 0.5%, 50 cps to 20 KC at 1 watt 
output. 1.0% over full range at 3 watts output. §0.5%, 10 cps to 100 KC. 1.0%, 5 to 10 cps. 
2.0% at 2 cps. 3.0% at 1 cps. [Measured with respect to full rated output. 


HEWLETT-PACKARD COMPANY 
1015M Page Mill Road * Palo Alto, California, U.S.A. OT n 
Cable “HEWPACK"™ © Davenport 6-7000 
Hewlett-Pockard $.A., Rue du Vieux Billord No. 1, Geneva, Switzerland 
Cable “HEWPACKSA” «+ Tel. No. (022) 26. 43. 36 
Field representatives in all principal oreos eos 
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Oscillator 
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pioneered the world-famous resistance-capacity oscillator circuit 
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TWO-BEARING DESIGN maxes tHEsE 
EMERSON ELECTRIC MOTORS 


Ideal for Refrigeration 
fan applications 


Here's a two-bearing motor uniquely suited for refrigeration 
fan applications. It operates in any position with a min 
imum of bearing load, vibration and friction. It starts easily 
at low temperatures because of EMERSON ELECTRIC'S 
self-oiling, self-aligning bearings that act as soft metal 
sponges and remove oil from the shaft journal as the motor 
cools. It lubricates without felt wick or shaft groove and 
requires less than one-third the oil needed in solid sleeve 
designs; yet, its oil storage capacity is equivalent to 60% 
more than most other refrigerator fan motors. The self-align 
ing feature completely eliminates tight shaft problems 
EMERSON ELECTRIC will custom-engineer motors to 
meet your specific needs. Call us today you'll like our 
way of doing business' 


a} EMERSON ELECTRIC of St.Louis + Since 1890 


SpaeT Ma 8100 FLORISSANT @ ST,LO0UIS 36, MO. * CO 141-1800 
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Quality products call for quality wire, bars and strip... 






American Steel & Wire 
Division of 
United States Steel 





American Quality Manufacturers Products 


packaged to speed up handling 
and save storage space 





// 


Standard Coils: American Steel & Heavyweight Coils: These continu Unitized Coils: These unit packs offer 
Wire manufactures standard coils in ous wire coils, weighing up to 2,000 great savings in handling time and 
weights suited to your material han pounds, speed up your production by storage space. One unit, containing sev 
dling equipment reducing down time for setups and eral coils, is easily handled; takes up 
changes. One large coil takes the place leas storage space than the same coils 
of several smaller coils of same jotal stored separately 
weight are much easier to handle 


require muc¢ h less storage space 


... Quality controlled 
to help you make 
good products better 


To mass produce this bicycle 
padiock the Master Lock Com 
pany uses USS Amer-Led 
Stee! Bars. This leaded stee! 
permits increased machining 
speed over equivalent non 
leaded grades. The use of 
USS Amer-Led results in 
more accurate forming 
fewer rejects 
























American Steel & Wire products and service facilities are available to you at no 


increase in cost. It will pay you to use these advantages. The quality and uniformity of 


USS American Manufacturers Wire brings you production economies through easier 


processing and fewer rejects. It makes a superior finished product that is more salable. 


And it is available in all the modern money-saving forms: 


Pay-off Drums: Long-run continuous 
coils of wire are pac ked and delivered 
in heavy fibre containers. These Pay 
off Drums are easy to handle and stack 
for storage These are ideal for use 
where wire finish requires special pro 
tection from dirt and corrosive atmos 
pheres Available in most wire s17e8 
with length and weight of coil to your 
specifications. You do not need to re 


turn drums 


American Screw Company 
turns out 14 million recessed 
head fasteners a day. Their 
most famous patent is the 
Phillips Head Screw, for which 
American Steel & Wire devel- 
oped a special cold heading 
wire, hard enough to produce 
strong, tough fasteners, yet 
soft enough to avoid splits 
and cracks when the Phillips 
punch is rammed into the 
coning blank. 





returnable spools can be supplied with 
amount of fine 


individually, and when shipped in quan 


are delivered 











Disposable Spools: These new non Platform Coil Carrier: The dispos- 
able platform carrier, made up of a 

wire—from 5 Ibs U-shaped wire frame fastened to a plat- 

are easy to handle form, holds up to 3,000 pounds of spe- 

cial wire in one continuous length. It is 

16 to a pallet, ready often ideal for ordering and handling 


quantities of wire 


The pai: of round wire helical 
single coil torsion springs on 
this chair were specially made 
for the Homecrest Company 
of Wadena, Minnesota. Under 
a 250-pound weight, the chair 
was test rocked 750,000 times 
without showing any sign of 
failure. Another success story 
for USS American Manufac- 
turers Products. 


American Steel & Wire 
Division of 
United States Steel 











(iss) Amerstrip ... gives you 


precisely what you need in a 


cold rolled strip 





Precision Finish. With USS Amer Precisely Prepared Edges. Because 
strip we take special pains to give you USS Amerstrip is produced in order 
a finish that is just right for the specific sized quantities engineered to your own 
results you require in a finished prod specifications, we can give you exactly 
uct. We believe the Amerstrip finish is the edge finish you need — square 


the finest you can get in the industry ard, round, full round or bevel 


... to speed up 
production and 
keep your product 
quality high! 





















Precise Tempers. Whether your 
product must go through a deep draw 


or undergo other stringent forming op 
erations, or if it requires a special tem 
per for rigidity, you'll get the correct 
temper for the job when you order USS 


Amerstrip 





Much of the sales-pulling 
beauty of Proctor Electric 
Company's modern toaster is 
due to the use of gold-finished, 
geometric-patterned USS 
Embossed Amerstrip. Ameri- 
can Stee! & Wire specializes 
in the rolling of special em- 
bossed designs such as this 
for specific applications. Per- 
haps you, too, have a product 
which could be made more 
beautiful and more sales ap- 
pealing with Embossed Amer- 
strip. 








USS Amerstrip is a specialty product that has opened vast new production 


and sales possibilities for a growing number of alert manufacturers of consumer 


products. It is available in a variety of attractive finishes—plain or embossed. It permits 


production on precision machines. When you use USS Amerstrip, you get six distinct 


advantages not easily obtainable with other manufacturing methods or materials: 





Precise Width Tolerances. When 
your fabricating machines require a 
special width strip, you can be sure 
that’s the width you'll get. We can pro 
duce USS Amerstrip within required 
tolerance limits to fit your special re 
quirements 



















Amerstrip is used in the man- 
ufacture of almost every part 
of the 15 types of Hustler 
Corporation skates made by 
Frantz Manufacturing Co 
These skates will stand up 
under the punishing wear chil- 
dren may give them— yet main- 
tein their attractive finish 
Amerstrip is tailored to each 
particular job... has the 
physical properties to assure 
a good performance and effi- 
cient manufacture 





Precise Thickness Tolerances. 
Whatever the thickness tolerance your 
machines demand, USS Amerstrip can 


down to thickness tolerances of plus or 
minus .0005 inches 





Precise Uniformity. 
the size of your order every coil of USS 
Amerstrip comes off the line uniform 
We can roll Amerstrip in finish, temper, width and thickness. 
USS Amerstrip’s precision 
production assures a continuous run 


In 





and high yield. 


Amerock Corporation of 
Rockford, tilinois, makers of 
sash lifts, had trouble finding 
a strip steel that would meet 
its severe double drawing op- 
eration requirements. They 
brought the problem to Amer- 
ican Steel & Wire. Our metal- 
lurgists recommended a type 
of USS Amerstrip tailored to 
their deep drawing require- 
ments and capable of holding 
a finish suitable for plating. 





American Steel & Wire 


Division of 
United States Steel 





Regardless 





Facilities and service 
second to none! 


As the country’s largest manufacturer of wire and strip, we offer a 
single source of supply for all your varied manufacturers’ wire and 
strip requirements. 

Widespread modern facilities assure that your product will be made 
exactly to specification, thoroughly uniform in quality and dimension. 

Experienced sales representatives are at your service to assist in deter- 
mining how USS American Manufacturers Products can help make 
your product better. 

For more detailed information, get in touch with the nearest district 
office. American Steel & Wire, 614 Superior Ave., N.W., Cleveland 
13, Ohio. US&, American end Amersrip are registered tredemarh 


American Steel & Wire 
Division of 
United States Steel 
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Steel 


+> This mark tells you a product is made of modern, dependable Stee 
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two channels 


keep an 
accurate 
graphic 

record 


OF RESEARCH, DESIGN, 
TEST DATA 


For General Purpose 
DC Recording — Model 320 


For recording two variables 
simultaneously, the Model 320 
provides a versatile, 
transistorized amplifier for each 
input signal. The rugged 2- 
channel recorder assembly has 
heated stylus recording on 
two 50 mm wide rectangular 
coordinate channels, 4 
pushbutton chart speeds, and 
6 inches of visible chart. 

The Recorder can be placed 
vertically, horizontally 

or at a 20° angle. 


MODEL 320 SPECIFICATIONS 
Sensitivity: 0.5, 1, 2, 5, 10, 20 mv/mm snd 
v/em 
Frequency Response: 3 db down at 125 cps, 
10 mm peak-to-peak 
Common Mode Voltage: +500 volts max. 
Common Mode Rejection: 140 db min. DC 
Calibration: 10 mv internal +1% 
Output Connectors for each channel accept ex- 
ternal monitoring ‘scope or meter 
Price: $1495 


NEW SANBORN PORTABLE DIRECT WRITING RECORDERS 
FOR IN-PLANT, LABORATORY OR FIELD RECORDING 
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Two models of this 21 lb. brief case 
size recorder are available — Model 301 
for AC strain gage recording, Model 299 
for general purpose DC recording. Both 
provide immediately visible, inkless 
traces by heated stylus on 40 division 
rectangular coordinate charts... 
frequency response to 100 cps... 5 and 
50 mm/sec chart speeds. . . approx. 


i inches of record visible in top 
panel window. 


single channel 


MODEL 301 SPECIFICATIONS 
The amplifier section of the Model 301 is an all- 
transistorized carrier type with phase sensitive 
demodulator. The power supply and internal 
oscillator circuits are also transistorized. 
Sensitivity: 10 uv rms/div (from transducer 
Attenuator Ratios: 2, 5, 10, 20, 50, 100, 200 
Carrier Frequency: 2400 cps interna! 
Transducer Impedance: 100 ohms min. 
Calibration: 40 uv/volt of excitation 
Output Connector: for external monitoring 

"scope or meter 

Price: $750 


MODEL 299 SPECIFICATIONS 
Combines the dependability of transistors with 
the high input impedance of vacuum tubes for 
reliable broad-band DC recording. 

Sensitivity: 10, 20, 50, 100, 200, 500 mv/div 
and 1, 2, 5 and 10 v/div 
Input Resistance: 5 megohms balanced each 
side to ground 
Common Mode Voltage: +2.5 volts max. at 10 
mv/div sensitivity increasing to =500 volts 
max. at other sensitivities 
Common Mode Rejection: 50:1 most sensitive 
range 
Calibration: 0.2 volt internal +1% 
Output Connector: for external monitoring 
"scope or meter 
Price: Model 299 (with zero suppression) $700 
Mode! 289A (without zero suppression) 
$650 


All prices are F.0.B. Waltham, Mass., within continental U.S.A. 
and are subject to change without notice. 


Contact your Sanborn Sales- Engineering representative for complete information, or write 
the main office in Waltham. Sales-Engineering representatives are located in principal cities 
throughout the United States, Canada and foreign countries. 


SANBORN S@W COMPANY 


INDUSTRIAL DIVISION 175 Wyman Street, Waltham 54, Mass. 
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FABRICATING 


Buy the parts not the problems. From large 
and unusual shapes to parts so small you inspect 
with a jeweler’s glass . . . CDF's special fabricating 
facilities can do your job faster, more economically. 


ah 


Every part pictured above is compietely fabricated by CDF, except the etching operation for the printed circuits 


There’s an excellent chance you can save on set-up of the many types of materials that we produce. 
and production time, and reduce unit costs by 


} “ ; C . Most important of all, you can combine economy 
asking CDF to give you an estimate on final fabri- - ; ; 


] ( 1 ‘ with the exact properties you're looking for. CDF 
cation of laminated plastics, vulcanized fibre and offers you a choice of materials from the industry's 


electrical insulating materials. widest selection of laminated plastics, vulcanized 
Our machines, all 2,000 of them, are set up for just fibre and electrical insulating materials. Check your 
one purpose—the forming, machining and molding Sweets PD file or write for General Folder 60. 


@® CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -fhf/ COMPANY © NEWARK 13, DEL. 


in Canada, 46 Hollinger Road, Toronto 16, Ont. 


Machining low-cost tracks for sliding giass Melding automobile timing gear bianks Postforming back-up disc for a sander. 
doors. Made by CDF from Diamond vuican- made from COF’s Ceioron molding material Made from a Dilecto laminated piastic to 
ized fibre. it’s tough, yet light in weight. for maximum wear and a minimum of noise. get maximum toughness and resiliency. 
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wh yi PACKARD BELL COMPUTER 
select ELCO VARICONS for its 
/new E220 models - 


tw: ...the reliability 
which Packard Bell required for its amazingly small, medium- 
scale, low cost model (capable of competing with large-scale, 
high cost models) was “’.. . further increased by the use of Vari- 
con Connectors.’ This is another example of another world 
famous manufacturer relying upon the reliability of the Varicon 
contact, with its unique forklike design and 4 coined mating 
surfaces. Packard Bell specified our Series 7001, 35 contact 
subminiature printed circuit Varicons. They are also available 
to you along with countless others for a limitless variety of 
applications. In each, you will find the same un- 
challenged reliability; plus the versatility chal- why not request your copy of 
lenged only by your own imagination! Varicon Catalog V4 immediately! 


a . 
IF IT’S NEW... IF I?’S NEWS... IT’S FROM 
| 
eae: 
aad) CORPORATION 


wee Poe Comentes 


‘‘M"’ Street below Erie Avenue, Philadelphia 24, Pa., CU 9-5500 
Elco Pacific: 2200 Centinela, W. Los Angeles 64, Cal., GR 8-0671 
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SUITABLE FOR 105°C SERVICE 


VARIEXK 


protection & insulation 
in high-heat flexible extruded tubing 
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-/ This versatile UL-listed tubing has exceptional electrical 
__. and physical properties for applications over a tempera- 

| ture range up to 105°C. Its protective and insulating 

qualities and unusual flexibility make it ideal for leads, 
connections and allied uses. A broad selection of colors 
and standard ASTM sizes are available. R191 Vartex 
conforms to ASTM D922-54-T (Grade C) and meets 
the requirements of MIL-I-631C, Type F, Grade C, 
Classes 1 and 2, category 1. Millions of feet of Vartex 
are meeting the most difficult field conditions. 











Sr a category 1 le Grades A and 





NEW JERSEY WOOD FINISHING COMPANY 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION + WOODBRIDGE, N. J. 











VARNIGHIO CAMBRIC CLOTH AND TAPES © VARNISHED "FIBERGLASS? CLOTH AND TAPES ¢ 
VARNISHIED SILK AND SILK SUBSTITUTE © SYNTHETIC RESINOUS TAPES AND ExTRUDED 
TUGGING W POLYETHYLENE, SHEETS. TAPES AND EXTRUDED TUBING © CABLE WRAPPING TAPES 
© “VARG'L" SILICONE VARNIGHED “FIBERGLAS Tf CLOTH AND TAPES © "“VARSLOT COMBINATION 
SLOT INSULATION: - RAG PAPER AND VARTEX VARNISHED CAMBRIC © FIBH PAPER AND VARTEX VAR- 
| MIBHED CAMBRIC © RAG FAPER AND "MYLAR”* POLYESTER FIL™ © ASBESTOS PAPER ANO "MYLAR * 
_ povvester FILM 4 0© «6KRAFT PAPER AND "MYLAR”* POLYESTER FILM ©¢ VARTEX VARNISHEO 
ae o PBAvO.* “MYLAR®: * POLYESTER FILM © SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 


TFibergias, Owens- Corning F inergias registered trasemark 
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eee THE TORRINGTON MANUFACTURING COMPANY 
AIR MOVING DIVISIONS Torringt Connecticut; Van Nuys, California; Rochester, Indiana; Oakville, Ontaric 
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Take your voltage supply where you need it 
with Sola’s portable sources of regulated voltage 


Portabie filament transformer 
insures stable test conditions 


This static-magnetic voltage regulator, with capacity of 30va, 
provides a stabilized output of 6.3 volts, automatically and 
continuously regulated within +1% despite line voltage swings 
between 95 and 130 volts. 

Since no variants are introduced by line voltage dips ox 
surges, your experimental and test equipment is given a con- 
sistent reference datum against which it can yield reliable data 
on other variables. 

The unit provides a high degree of isolation between input 
and output. Simple, rugged design eliminates moving parts, 
replaceable parts, manual adjustments, routine inspection 
and maintenance. 

Handy in the laboratory or at the shop bench, it plugs into 
any a-c wall or bench outlet, and provides an on-off switch 


and output jacks. 
Write for Bulletin CVF 


Portabie Solavoit power supplies 
give regulated a-c and d-c voltage 
for laboratory and test work. 


A-C and“D-C Solavolis regulate output within +1% for line 
voltage variations as great as +15°, with a response time of 
1.5 cycles or less. 

Output of the a-c model is fully adjustable from 0 to 130 
volts, with less than 3°7, total rms harmonic content. This makes 
it ideal for instrument calibration, testing, or any operation 
involving elements sensitive to wave shape. 

The d-c model consists of a special type of Sola Constant 
Voltage Transformer, semiconductor rectifier and choke. 
Ripple voltage is held within 1% rms at full load. 

Solavolts have no replaceable parts, require no routine main- 
tenance. They are portable for bench use, or may be mounted 
on a standard 19-inch relay rack. 

Write for Bulletin CVL/ DCL 


Portabie Televolt improves performance 
of TV sets, radios, hi-fi, tape recorders 


This static-magnetic voltage regulator improves television 
reception by correcting line voltage variations which often 
cause picture flicker and distortion. It also stabilizes voltage 
for improved performance of high-fidelity amplifiers, radios 
and tape recorders. The unit regulates within +3% of nominal 
for input voltages between 95 and 130 volts, to give a nominal 
fixed output within the range of 115-120 volts. Requires no 
installation—merely plug it in and forget about it. The compact 
Televolt is automatically switched on or off by a relay whenever 
the equipment power switch is operated 

Write for Bulletin 6J-CVA 


Sola Manufactures: Constant Voltage Transformers, Regulated OC Power Suppiies, 
Constant Wattage Mercury Lamp Transformers and Fivorescent Lamp Ballasts 





Busse Read at Lunt, Elk Grove, Illinois, HEmpstead 9-2800 e In Canada, Sola-Basic Products, Ltd., 377 Evans Avenue, Toronte 18, Ontario 
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AIR MOVING DIVISIONS Torr t t an a te ilifornia; F hester, Indiana 1a. 


HUNDREDS 

OF DIES, 
a hae ie 
INSTANT’S 
NOTICE FOR... 


the magnetic core 
laminations you need, 
when you need them 


Dies for the laminations you need in a hurry are held provide final assurance of the exact performance you 
ready in this bomb-proof, fire-proof vault. No delays require in magnetic core laminations. 


or extra costs of tooling up, on most orders. These are 
‘ is , ; ee Most of the nation’s best-known transformer manu- 

the finest high-precision dies, built and maintained by ; : 

; : ; facturers gain the extra advantages of Magnetic Metals 

our own skilled craftsmen, available in a wide range aaa : 

é laminations. You should, too. Tell us about your 

of sizes and shapes . . . and one of the reasons for the 


; ; application, and we'll go to work on it right away. 
consistently high level of Magnetic Metals quality. PE ; S S : 
Another reason is our stock of magnetic alloys—the 
largest stock in the world, making available to you 
the widest choice of electrical characteristics. More- 


over, special, highly flexible annealing techniques 


transformer laminations *« motor laminations « tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 


MAGNETIC METALS COMPANY + Hayes Avenue at 21st Street, Camden 1, N.J. 
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New contact reliability. Paralie! bifur- 
cated contacts, which allow four cur- 
rent paths instead of one, provide 
infinitely greater circuit reliability .. . 
liberally designed so any current path 
carries full relay rating 





e 
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At last! ‘Mechanical memory” latch 
as reliable as the relay itself! No ad 
justment ever needed. Add latch at 
any time 









New simplified design! Cutaway view 
shows basic simplicity. Coil vacuum 
impregnated to resist damage from 
humidity, vibration, electrical stress. 
Terminals can be screw or spade type. 
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Cutler-Hammer Compact 300° 


SEPTEMBER 1960 
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Space savingest relay 
you ve ever seen: New 


Versatile 300 V. contro/ relay is so reliable it’s permanently sealed! 


Here is the best answer yet to the need for 
an extremely reliable, small-size 300 V, 
6 oe. Pe relay — the new ““Com- 
pact from Cutler-Hammer. 

Every detail known that affects relay 
reliability has been improved in the ‘“‘Com- 
pact 300.” Bifurcated contacts which make 
possible four current paths rather than one, 
add millions of operations to the ‘““Compact 
300’s”’ electrical reliability. 

In fact, we're so confident of its electro- 
mechanical reliability, we permanently en- 
close the ‘““Compact 300.” And, if it should 
be damaged by a fault current, you throw it 
away and replace it with a new one. Its low 
price makes this an economical, practical 
maintenance procedure. 

Now think of the space you can save 
with the “Compact 300.”” It controls up to 


WHAT'S NEW? ASK.. 


CUTLER- -HAMMER 


Cutler-Hammer inc., Milwaukee wi isconsi 


Hammer International, C. A. Associat "Can > oes Cutler-Hammer, 


sion: Airborne Instruments Laboratory + Subsidiary: Gee 
Ltd.; Cutler-Hammer Mexicana, 


eight circuits in panel space only 2” wide 
by 234" high. 2, 3, 4, 6 and 8 poles with any 
combination of N.O. or N.C. contacts are 
available, of course. 


At any time, you can add “mechanical 
memory” latch with a life equal to the life 
of the relay. No adjustments are ever 
necessary. Contact your Cutler-Hammer 
distributor for details on the “Compact 
300” or send for Pub. ED-L079-S231. 


What's new at Cutlier-Hammer? 
New, better products, like the 300 V. relay 
are coming steadily from our new, expanded 
plant facilities. We're ready now to help 
you take care of the great industrial growth 
of the future. If you are planning ahead 
and need slochslel ccnanel assistance, con- 
tact the nearest Cutler-Hammer sales office. 
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Upset over the fancy wiring your control pack- 
age demands? Relax! AE can turn a bird's 
nest into a thing of beauty and high reliability. 
The reason is simple: we’ve had years of expe- 
rience wiring complex dial telephone switch- 
boards, to say nothing of little black boxes. 
And we have the techniques down so tidy and 
pat that our assembly and prewiring costs are 
more than likely lower than yours. 

As a beautiful example, take a look at the com- 
pact relay complex illustrated. This custom job is 
designed to do switching tricks over and over 


TO THE ENGINEER 


who thinks “birds’ nests’ are for the birds... 





again without failure. A significant part of its de- 
pendability is structural rigidity. 

AE engineers are also gifted in solving the 
most complex switching circuits in the sim- 
plest and most inexpensive way. Chances are 
they can save you some headaches. 


If you have a control problem, we'd like to 
hear about it. Just write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. And while you're at it, ask for 
Catalog 4083-A covering AE Enclosures for 
Relays, Switches and Control Systems. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE £ ELECTRONICS 
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MORE ABOUT UNCLE’S MONKEY 


Uncle Sam's first astronaut was a rhesus 
monkey, also named Sam, who took a 55 
mile-high ride in a vehicle called Little 
Joe. It is Little Joe we're concerned with 

Specifically, with the part of Little Joe 
made from heat-resistant Hetron® poly 
ester resin 

The full-scale Little Joe capsule is 91% 
feet tall, 20 inches across the top and 6 
feet across the rounded base. The bottom 
portion of this capsule consists of a heat- 
absorbing shield of glass-reinforced 
Hetron. Its several layers add up to an 
inch of thickness 

Hetron was chosen after intensive re 
search because it provides an unusually 
high degree of inherent heat resistance 
heat stability and fire resistance. All of 
these properties are important in coping 
with heat generated by atmospheric fric 
tion at escape velocity. Ease of fabrication 
was pretty important, too 

The large photo shows the two Hetron 
portions of the capsule: the bottom, in 
foreground; the heat-shield, at left. 

Not only Uncle Sam's sophisticated 
scientists, but also the more prosaic in 
dustrial designers are interested in Hetron 
It offers great promise in many different 
applications. 
For example, 


it makes possible small 
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boats that are fire-retardant. Because it is 
highly resistant to many acids, it finds 
wide use in scrubbers, ductwork and simi- 
lar places where corrosive fumes quickly 
destroy other materials. It’s being used for 
skylights on piers. One company even en- 
closed an entire building with it. 

Hetron can by no means be considered a 
cheap substitute for other materials. De- 
signers have been impressed with it and 
have used it simply because it performs its 
function better than any other material 
they might have used. Sometimes it costs 
less than other materials. Sometimes it 
costs more. But, in either case, it does 
things better, longer or more safely than 
anything else. We've got a data file on it 
if you're interested. Ask for Hetron File A. 
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A THOUGHT FOR USERS OF 
DIE CASTINGS 


When you put these seven parts together, 
you get a highly efficient low-cost pump 
for emptying drums of gasoline, lube oil 
or chemicals. 

The manufacturer used to die cast these 
parts. Now he has them molded from a 
Durez phenolic. The switch to molding 
from die casting eliminated many finish- 
ing and assembly operations. Even the 
fine threads on one of the parts were flaw- 
lessly molded. 

The switch to phenolic from aluminum 
added greater corrosion and chemical re- 
sistance. Being non-metallic, phenolics 
also prevent sparking and minimize the 
risk of handling volatile liquids. 

For more facts about molding with ver 
satile Durez materials, ask for Bulletin 
D400. 


For more information on Durez products mentioned above, check here 


| Hetron polyester resins (File A) 
] Phenolic molding compounds (illustrated Bulletin D400) 


Check, clip and mail to us with your name, title, and company address. 
(When requesting samples, please use business letterhead.) 


DUREZ PLASTICS DIVISION 


WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER 
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COOLERS 


NOW AVAILABLE AT REDUCED PRICES 


Now you can have the space and weight savings of Westinghouse 
“Component-Matched” thermoelectric coolers—with new cost 
savings, too. Prices are reduced on standard units, up to 50%! 





Exclusive Westinghouse ‘“‘Component-Matched” configu- 
rations! With no moving parts, Westinghouse Thermoelectric 
coolers provide dependable, compact, lightweight cooling where it 
is necessary to reduce component temperature below ambient. 
These unique ““‘Component-Matched”’ coolers feature exterior cool- 
ing surfaces or inner-cooled chambers with tailor-made dimensions 
to fit specific requirements. As a result of new production facilities, 
a wide range of configurations can be offered to electronic equip- 
ment designers. 


Only Westinghouse guarantees minimum AT ratings! 
Recent Westinghouse improvements in thermoelectric materials 
and assembly techniques have made it possible to guarantee mini- 
mum AT ratings for each cooling unit. Thus, a designer can select 
the unit he needs knowing in advance what the temperature drop 
will be from the hot to the cold side of the cooler. 


Immediate military and industrial applications include: 
Photocells, photomultiplier tubes / Germanium transistors / In- 
frared detectors / Mechanical and electrical instruments / Labo- 
ratory and portable medical equipment / Controlling temperatures 
of solids, liquids and gases. 


Westinghouse engineers who developed these new thermoelectric 
coolers will be glad to provide engineering assistance in your ap- 
plications. For full information, contact your local Westinghouse 
representative, or write: Westinghouse Electric Corporation, Semi- 
conductor Dept., Youngwood, Pennsylvania. SC-1000 


WESTINGHOUSE 
THERMOELECTRIC 


a 
\N 
| 
a. =u us 
KA kk AAR 


w& 


NY 
\ 


+ 


SS 
aR 
‘> 


\ 


temperature differeace— AT =Tx — Tc. °C 
\ Ny s 
Wee 


+ 


+ + 





wunMw 6 we 2 
input current te cooler, dc amperes 


Typical AT°C versus input current— 
Types WX814-H, WX816-H 


‘Buy and Try’’—from Westinghouse distributors 
— standard WX814 and WX816 Coolers for 
immediate delivery at new reduced prices. 


EASTERN 
Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. Boston, Mass./CO 7-4700 
ELECTRONIC SUPPLY Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO., INC. Camden, N.J./WO 4-8560 
KANN-ELLERT ELECTRONICS, INC. Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS New York, N.Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS Long Island, N.Y./Pl 6-6520 


MIDWESTERN 
ELECTRONIC COMPONENTS FOR INDUSTRY CO. 
St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. Chicago, Il!./NA 2-8860 
UNITED RADIO, INC. Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 
Dalias, Texas/TA 4-3001 


WESTERN 
ELMAR ELECTRONICS Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES Los Angeles, Calif./BR 2-8453 
NEWARK ELECTRONICS CO. Inglewood, Calif./OR 4-8440 
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You can be sure...if it’s 


Westinghouse 
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THE LAMB ELECTRIC COMPANY «+ KENT, OHIO 
A Division of American Machine and Metals, Inc. 
in Canada: Lomb Electric — Division of Sangamo Company Lid. — Leaside, Ontario 





Divisions of American Machine and Metals, inc., Mew York 7, Maw York 'ROY LAUNDRY MACHINERY « RIEMLE 
TESTING MACHINES.» OE BCTHEZAT FANS » TOLHURST CENTRIFUGALS + FILTRATION ENGINEERS © FILTRATION FABRICS + RIAGARA 
FILTERS © UNITED STATES GAUGE + RAHM INSTRUMENTS + LAMB ELECTRIC CO. + HUNTER SPRING CO + GLASER-STEERS CORP. 
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Advertisement» 
Special Application 
Fractional 
Horsepower Motors 





Explosion-proof motor, totally 
enclosed and fan-cooled. Excel- 
lent for high pressure grease 
guns. Frame: 3}4 x 214. Lamb 
Electric Company, Kent, Ohio. 





For industrial vacuum cleaners, 
colloid mills, hoists, ete. Heavy 
duty motor, 6 x 214 frame. Lamb 
Electric Company, Kent, Ohio 


Le, 





Heavy duty industrial quality 
motor for portable concrete vi- 
brator. Frame: 4% x 214. Lamb 
Electric Company, Kent, Ohio. 
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Heat doesn’t harm 


MALLORY POWER RHEOSTATS 


e Conservative ratings and proper ventilation See Mallory Controls Company for 
assure cool operation in high ambient tem- 
peratures. 


Neither overload heat, nor vibration, nor shock 
will alter contact pressure; correct pressure 


alway aintained by spri loaded. hi ad wire-wound vitreous carbon rotary plugs 
always maintainec Vy spring-ioaded, hingec controls resistors controls switches & jacks 
contact arm. 


Mallory Controis Company, Frankfort, Indiana 


Protected against shock and vibration by unit- a division of 


ized fusing of rugged porcelain core and base - ——- ea 
° : ‘ 5 ta aa ee fal ‘ ty 

.and tough, durable vitreous enamel on ea eee io ae at on 
. . ber EA e eee be: eee, ‘ 

winding. e ‘ 5 

Choose Mallory rheostats in standard ratings 

from 25 to 500 watts... or ask about specially 

designed units to fill special requirements. 

Write or call for a consultation. 
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ESTA PERMANENT MAGNETS ARE 


Study of Remanence by Indiana Steel 
indicates 100% stability can be achieved 


Truly permanent permanent 
magnets are now possible, accord- 
ing to scientists of Indiana Steel 
Products Division, Indiana Gen- 
eral Corporation. Proof of 100% 
stability of remanence was gained 
during a special research project 
conducted by Indiana and sup- 
ported by funds of the United 
States Air Force.* 


Natural Stability 


Materials having a high coercive 
force displayed the greatest natu- 
ral stability. For example, a sam- 
ple of non-oriented barium ferrite 
(Indox I) with an Hci of 4,000 
oersteds was measured for natural 
stability over a period of more 
than 5,000 hours. Relative rema- 
nence over 100% +0.1%. An 
oriented sample of the same ma- 
terial (INDOx V) with an Hci of 
2,030 oersteds measured 99.5% 
+0.1%. The material having the 
lowest coercive force—ALNIco ITI 
— also exhibited the least natural 
stability, 97.04% +0.05%. 

A second important factor af- 
fecting natural stability was 
length-to-diameter ratio (L/D). 
It was found that rods of ALNICO 
V, having a greater L/D ratio, 
proved more stable. For example, 


rods with a ratio of 8.7:1 showed 
no detectable loss in remanence 
during a year. Rods with an L/D 
of 2.1:1 logged only 97.6% for 
the same period. 


Where change in remanence 
was perceptible, it was found that 
it decreases linearly with the log- 
arithm of time (see figure 2). This 
relation is expected to hold for all 
permanent magnets when they 
are undisturbed at room temper- 
ature and made of a material 
which does not change with time. 


Test Conditions 


During the study, sample magnets 
were kept in a special room where 
they were relatively free from 
such external demagnetizing in- 
fluence as temperature variations, 
stray magnetic fields, short cir- 
cuiting by iron contact and exces- 
sive movement or handling. Tem- 
perature was held virtually con- 
stant at 24° +2.5°C. 


The sensitive measuring appa- 
ratus was also located in the test 
room. Developed in 1948 by Dr. 
Rudolph Tenzer of Indiana Steel, 
this equipment permits measure- 
ments to an over-all tolerance of 
better than 1 in 10,000, 


Contract AF33 (616) — 3385 monitored by the Aero. Res. Lab., WADC 


FIGURE 1. Summary of Experimenta! Results 
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FIGURE 2. Remanence decreases with time 
TIME = HOURS (log seole) 
! 
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Artificial Stabilization 

Critical space-age applications 
often require that a magnet be 
completely stabilized. Many 
methods for achieving this were 
surveyed. For critical applications, 
methods based on repetitive proc- 
esses were found superior to those 
based on any sudden, one-time 
action. Two of these proved suc- 
cessful, both involving artificial 
reduction of remanence. 


1. Temperature Knockdown. ALNICO V 
magnets were repeatedly exposed to 
temperatures above and below the tem- 
perature of magnetization. Several cycles 
improved magnetic stability, while rem- 
onence wos reduced somewhot as a 
result. Low temperature exposures, to 
-65° C, produced the greatest improve- 
ment in stability, as well as the greatest 
reduction in remanence. 

2. Knockdown by Applied AC Field. 
ALNICO V magnets were subjected to a 
cycling diminishing field, which also 
caused a reduction in remanence. De- 
pending upon the material and its use, 
magnets were knocked down o pre- 
determined amount between 5 and 15% 
to achieve complete stability. Variations 
in remanence were less than + 0.03%, 
which is the limit of measuring occuracy 
for this size sample. 


Conclusions 

This study indicates that perma- 
nent magnets can be completely 
stabilized. A magnet, however, 
that is perfectly stable under 
these conditions can still be affect- 
ed by larger temperature varia- 
tions, stray magnetic fields, vibra- 
tions or many other factors. In the 
case of selected magnets, stability 
can be guaranteed for a flux 
change no greater than 0.01% per 
year, 

For complete information on 
the practical aspects of “Stability,” 
ask for a copy of Applied Mag- 
netics, First Quarter, 1959. Write 
Dept. B-9. 


INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 
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in Canada: The indiana Stee! Products Co. of Canada Limited, Kitchener, Ontario 


MAGNETS 
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The magic of our ingredients makes electric motors better... 


Just as a good chef wouldn't use 
only one all-purpose spice to make 
a specialty...we don't make an 
electric motor with one all-purpose 
insulation. 


We build motors with SELECTIVE 
t(NSULATIONS 


SELECTIVE INSULATIONS are the 
magic ingredients that make the 
difference between merely good mo- 
tors—and the famous dependability, 
low maintenance, uninterrupted pro- 
ductivity, and prolonged service of 
Fairbanks-Morse electric motors. 


We actually ‘‘tailor’’ a wide range 
of insulating materials and processes 


to motor applications, according to 
specific operating conditions. We 
never standardize to the average. 


SELECTIVE INSULATIONS meet emer- 
gency overloads, temperature ex- 
tremes, corrosive atmospheres. 


We select, test, treat, and prepare 
insulating materials for the motor... 
and the job. 


We build electric motors that are 
insulated, rated, and dimensioned to 
furnish unfailing power—for any pur- 
pose. 


The magic of our ingredients 
makes a Fairbanks-Morse electric 
motor better... and a better buy. 


WHAT DO YOU NEED IN A MOTOR? 


1 h.p. to 10,000 h.p . open or weather-protected .. 
vertical or horizontal .. . synchronous or induction 

.. AC of DC... we'll build it—and build it to last! 
Write: Fairbanks, Morse & Co., Freeport, Illinois, for 
full information. 


Fairbanks, Morse 
ELECTRICAL DIVISION 


A MAJOR INDUSTRIAL COMPONENT OF 
FAIRBANKS WHITNEY CORPORATION 








MADT?® transistors from Sprague* 








a for the highest r-f operating frequency of all mass-produced transistors 


e for the fastest switching time of all mass-produced transistors 


@ for storage temperatures up to 100°C 


DESIGN AROUND SPRAGUE 
MICRO-ALLOY DIFFUSED-BASE TRANSISTORS 


available now at sensible prices you can afford! 


Sprague Germanium Micro-Alloy Diffused-Base 
Transistors, well-known for their rugged vhf perform- 
ance, are now priced below other transistors with com- 





parable electrical characteristics. In many areas, this 
permits designers to improve circuit techniques with- 
out necessarily increasing costs. Expanded production 
facilities enable us to ship quantity orders on short notice. 
Add to this their ultra-fast switching time, and you 


have three good reasons why Sprague MADT™ Transis- 
tors have achieved their high level of acceptance. 

With Sprague Transistors, circuits in vhf amplifiers 
and oscillators can now operate with collector cur- 
rents as high as 50 ma... with power dissipation up 
to 50 mw... with collector to base voltages to 15 + 
They have been application tested through the entire 
military electronics vhf spectrum. 

The application table may well suggest the use of 
one or more Micro-Alloy Diffused-Base Transistor 
types in your latest circuit designs. 


+.Sprague micro-alloy, micro-alloy diffused-base, and sur- 
face barrier transistors are fully licensed under Philco pa- 
tents. All Sprague and Philco transistors having the same 
type numbers are manufactured to the same specifications 
and are fully interchangeable. 


SPRAGUE COMPONENTS: 
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MICRO-ALLOY DIFFUSED-BASE 
TRANSISTOR APPLICATIONS 








-———_—_____——_- —— _ ——| 
Type Application 

2N499 Amplifier, to 100 mes 

nena re : , = 

2NS01 Ultra High Speed Switch | 


(Storage Temperature, 85 C) 


ee a ——— —— en a 


Ultra High Speed Switch 














2NSOTA (Storage Temperature, 100 C) 

fe qoenevensmjnase eR 
2N504 High Gain IF Amplifier 

| 2N588 Oscillator, Amplifier, to 50 mes | 


For complete engineering data on the types in which 
you are interested, write Technical Literature Section, 
Sprague Electric Co., 307 Marshall St., North Adams, 
Massachusetts. 

You can get off-the-shelf delivery at factory prices on 
pilot quantities up to 999 pieces from your local Sprague 
Industrial Distributor. 
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CAPACITORS «+ RESISTORS * MAGNETIC COMPONENTS «+ TRANSISTORS « INTERFERENCE FILTERS + PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE «¢ CERAMIC-BASE PRINTED NETWORKS « PACKAGED COMPONENT ASSEMBLIES 
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Materials—the Basic Science 


Materials science 
the chemist, physicist, metallurgist and even the 
mathematician—builds the hard core of our 
present and future technology. But faced by the 
glamour and the excitement of technology’s end 
products—the missiles, computers and other 


the interdisciplinary world of 


complex devices of our times—we tend to over- 
look this fundamental fact. Yet, each such device 
has been articulated from some unique arrange- 
ment and configuration of materials essential 
to its purpose and functioning life. If we re-state 
this philosophical approach in an engineering 
phrase, we will simply re-state what cannot be 
said too often, that “all design begins at the ma- 
terials level.” 

The dominant position of materials in our 
technology is being increasingly recognized by 
powerful support at the highest government 
levels. Most recently, for example, the Advanced 
Research Projects Agency, Department of De- 
fense, selected Cornell University, the University 
of Pennsylvania and Northwestern University to 
organize a greatly expanded research program in 
this area. Cornell University has already been 
granted a $6.1 million contract for the first four 
years of the program, The Cornell activity will 
be organized around a Materials Science Center 
that will administer the contract, expand basic 
research and train materials scientists, 

Specifically, the Cornell programs cover al- 
most the complete spectrum of science and engi- 
neering. The four major areas are as follows: 


@ Solid State Physics: imperfections, trans- 
port processes, magnetic resonances, internal 
friction, photo-chemical processes, surface 
phenomena, ferroelectrics, magnetic phe- 
nomena in dilute alloys, optical processes in 
the far ultraviolet, X-rays, cooperative phe- 
nomena, ferromagnetism, many - particle 
theory, and thermal conductivity. 


SEPTEMBER 1960 


@ Chemistry: electron and X-ray diffrac- 
tion, inorganic polymers, solid-vapor reac- 
tions, electronic processes in oxides, diffusion 
in polymers, polymers under high pressure, 
catalysis, photoconductivity, and _ theoretical 
physical chemistry. 

@ Metallurgy: intermetallic compounds, 
freezing, transformations, solid - solution 
strengthening, nucleation, properties of and 
phenomena in iron-base alloys, plastic de- 
formation, and fracture. 

@ Mechanics and Materials: elastic con- 
stants as functions of pressure, ferroelectrics 
under impulse loading, and diffusion and 
creep under hydrostatic pressure. 


One of the objectives of the overall program 
is “to stimulate the understanding necessary to 
exploit solid-state physics, chemistry and physical 
metallurgy to produce new materials or develop 
promising new processes.” The term “materials 
research” will be defined broadly, so that flexi- 
bility will be encouraged as circumstances dic- 
tate the need for a shift in research emphasis or 
a move into new fields. 

This program and other important materials 
research programs represent facts of extreme 
significance to the practicing equipment and sys- 
tems design engineer: the ultimate purpose of 
the materials-science research is the development 
of the new components and devices he urgently 
needs to keep pace with the inexorable pace of 
modern design requirements. The engineer also 
needs new materials to implement new produc- 
tion processes and techniques and new testing 


procedures. 
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Permanent magnets continue to gain in im- 
portance as components. Types of magnet 
materials and their properties, and the va- 
riety of possible shapes, are multiplying. 
Successive-approximation design methods 
using conventionalized assumptions are no 
longer adequate. The analytical approaches 
presented in this two-part article are parti- 
cularly essential for computer optimizing 


steps in design. 


ROLLIN J. PARKER, Product Engineer 
Magnetic Materials Section 

Generar Exvectric Company 

Edmore, Michigan 


THE NEW SYNTHETIC, elongated, single-domain particle 
magnet allows magnetic properties to be changed with 
ease—in fact, magnet shapes with properties varying in 
a prescribed manner from region to region are now 
possible. With such latitude comes the need for accurate 
analysis and rational design procedures. Great need 
exists for data to fill the void between material property 
description and total magnet performance in any par- 
ticular application. The analytical methods of design to 
be explored here allow magnetic property tolerances 
and experience-indicated variations to be introduced into 
the design procedures. 
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(3) Spacing of the domains. 


Flux Distribution Geometry 


Existing literature adequately covers unit property 
curves of available materials and their use in the analysis 
of permanent-magnet problems, also simplified expres- 
sions for magnetic permeance. The present problem, 
therefore, is to study leakage patterns and relationships 
for the purpose of expressing flux radiation as a simple 
function of exposed areas and the geometry of a magnet 
limb. In the case of defined air gaps, much work has 
been done in reducing flux distribution to rather simple 
mathematical expressions. In each case, the theorem is 
useful from an academic viewpoint, but in general the 
results are of little use in the air-gap geometries en- 
countered in practice. In many low-permeance gaps, 
the available formulas give values of permeance which 
underestimate the true measured permeance by several 
fold. 

The author has reviewed the classical works of Max- 
well and Evershed, and the many excellent attempts to 
take exact theorems and put them into forms that can 
be used in practical cases. (1]-6)* In going from exact 
theorems to practical data, the liberty of subdividing 
surfaces is taken. Theoretically this is not legitimate, 
since in effect we are choosing arbitrary boundary points, 
and the flux from a charged surface should be treated 
as a whole. However, the great utility of this approach 
strongly outweighs the disadvantages which are, to a 
large extent, academic in nature. The basic objective 
is to secure accurate permeance data for increments of 
permanent magnet configurations which can be conveni- 
ently described by geometric ratios. Design data in 
general are based on simplifying mathematical assump- 
tions, but conditioned by measured data on real magnet 
structures. In securing useful air-gap permeance data, 
classical field theory, practical interpretations and as- 
sumptions, capacitance measurements, and measurements 
on existing permanent-magnet structures have all been 
resorted to in a comprehensive attempt to obtain data 


* Italic numerals in parentheses refer to Cited References, at end of article 
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which would closely approximate the true situations. 

Once reasonably accurate values of permeance can 
be assigned to the various parts of a permanent-magnet 
structure, the problem of calculating the flux for various 
regions is straightforward but laborious; when an 
answer is attained, the prospect of changing some vari- 
ables and reworking the problem to explore improve- 
ments is resisted. Consequently, the use of easily changed 
electrical quantities to represent the permanent magnet 
characteristics and its loading in a given magnetic 
circuit is highly desirable. 


Physics of the Permanent Magnet 


The permanent magnet can be thought of as a group- 
ing of elementary magnetic volumes or domains. A 
domain is the smallest region in which the atoms have 
their magnetic moments held parallel and thus act as 
a single elementary magnet which may be controlled by 
external fields. In a ferromagnetic material, the size 
and orientation of the domains are influenced by three 
potential energies: 


(1) That due to the interaction between neighboring 
atoms. 

(2) That associated with the directional dependence of 
magnetization, commonly called anisotropy energy. 

(3) Magnetostatic energy, or the external field energy 
associated with the domain. 


The size, shape and orientation of a system of ele- 
mentary magnet volumes in a given condition are in a 
state of balance such that minimum total potential energy 
is involved. In a demagnetized condition, the domains 
shift so that closed paths for the flux exist and the mag- 
netostatic energy is a minimum. 

Any field which can be produced serves only as a 
control in changing the magnetostatic energy and thus 
the balance of the total influence on the domains. Mag- 
netization curves and hysteresis loops show the change 
in induction due to domain boundaries shifting and due 
to the rotation of the magnetization vectors as the 
external field is increased. The shapes of the curves 
result from the fact that some domains are more favor- 
ably oriented with respect to the applied field direction 
than others. In many materials, attempts are made to 
order the system and increase the percentage of domains 
having this preferred axis aligned with the direction of 
ultimate magnetization and use. 

In general, the principal action on low-coercive-force 
magnet materials is a shifting of the domain boundaries. 
In the long-established steel magnets, coercive force is 
generally explained on the basis of producing strain 
in the crystal lattice which impedes the movement of 
domain boundaries. In the alnico family, the action is 
one of domain-wall movement with low values of applied 
field and, as the field is increased, the magnetization 
vectors of the domains are actually rotated against the 
forces of anisotropy. In other words, if the domains 
have a preferred direction of magnetization with respect 
to the crystal lattice or with respect to their shape, ex- 
ternal energy is necessary to rotate the magnetization 
vector into the direction of the applied fields. 
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Permanent magnets have been made from particles 
of single domain size. In such systems there are no do- 
main walls, since from the viewpoint of the potential 
energy associated with the domain there is a critical size 
below which domain boundaries cannot exist; the ex- 
ternal fields directly oppose the forces of anisotropy. In 
the case of single-domain systems, coercive force is 
dependent on particle shape. 

Recent advances make it possible to control the shape 
of these single-domain volumes and, when properly 
aligned and spaced in a composite magnet volume, prop- 
erties as good as those of the alnico family can be 
obtained with promise of vastly superior permanent mag- 
nets as this new technology is developed. Coercive forces 
of 10,000 oersteds are theoretically possible with elon- 
gated iron particles. (7) 

Fundamentally, the properties of permanent magnets 
appear to be governed by the following: 


(1) Saturation induction of the domain (chemical com- 
position). 
(2) Shape of the domains. 








Fig. 1—Graphic conception of permanent-magnet domains 
under various conditions. 
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(3) Spacing of the domains. 
(4) Orientation or ordering of the domain system. 


Ability to control and change the unit building blocks 
and their arrangement offers tremendous possibilities in 
improving unit properties and improving their volu- 
metric efficiency. 

Pictorially, the mechanism of using the permanent 
magnet to establish external field energy is shown in 
Fig. 1. At (a) the external manifestation is of a demag- 
netized volume because the domains, although each is 
fully magnetized, satisfy the minimum energy require- 
ments by taking positions to form closed magnetic cir- 
cuits within the material. At (b), under the influence 
of a high external field, the domains are rotated against 
the forces of anisotropy into the direction of the field. 
In terms of the hysteresis loop area, OAB, represents 
the work done or energy extracted from the magnetizing 
source for a unit volume. At (c), as the field is reduced 
to zero, a residual flux remains representing a new 
minimum-energy balance point. As the size and orien- 
tation of the domains has shifted, a new balance between 
the three potential energies occurs after the external 
field influence is removed. Area OAB, represents the 
energy returned from the magnet to the electrical circuit. 
At (d), a gap is introduced at each end of the magnet 
and the domains near the ends change their orientation 
due to the unbalance created by the gap and take up 
a position essentially 180 deg from the original direction 
in Fig. l(c). It is this influence that gives rise to the 
Area ODT is pro 
portional to potential energy in the external gap on a 


negative magnetomotive force OH. 


unit volume basis. In order to move the operating point 
from B, to D, additional energy input is required. In 
this case, it is the mechanical energy necessary to in 
troduce the gaps in the system. Area ODB, is propor 
tional to the total potential energy increase of the magnet 
and its external field. Area ODT is proportional to the 
potential stored energy within the magnet itself. In Fig 
l(e), the poles are allowed to contact the magnet faces, 
reducing the gap to zero. Mechanical work will have been 
done, and the operating point will move from D to S. 
The domains near the poles will revert back to nearly 
their same orientation. The potential stored energy in 
the external field and in the internal magnet system will 
be reduced and mechanical work will have been done 
As the magnet cycles back and forth, a minor hysteresis 
loop will be traced. In this service the magnet and its 
external field act as a system for alternately storing and 
releasing energy as the demagnetizing influence of the 
poles is changed. 

The shape of the demagnetization characteristics and 
the recoil permeability (slope of minor hysteresis loop) 
have considerable influence on the correct functional 
usage of magnets. For fixed-gap applications, highly 
ordered magnet systems (rectangular loops)—where 
area ODT, Fig. 1(d), is a high percentage of OFB, 
will result in maximum volumetric efficiency. In applica- 
tions involving storing and releasing of potential field 
energy over an operating cycle, linear demagnetization 
curves—in which area ODB,, Fig. 1(d). is large with 
respect to area ODT—offer the most efficient solution. 
It appears that the widely accepted single criterion of 
total available energy in comparing permanent magnets 
has little significance. 
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From the basic equation relating flux (¢), magneto- 
motive force (F), and permeance (P) for a magnetic 
circuit, we may write 


@ FP 
since 

@ =~ BA,g 
and 

F HL. 


where A,, magnet area and L,, magnet limb length. 


We have 
BA, HL,P 


or 


B/il U iP 


where B/H is the coefficient of self-demagnetization, de 
termined by the slenderness ratio of the magnet, and P 
is the total permeance. For a bar magnet, P is the 
permeance from one limb to the other since there is 
no pole piece or well-defined air gap. In other words, 
for the open-circuit bar magnet, the operating point on 
the demagnetization characteristic is determined only 
by the geometry of the bar and its resulting permeance 
from limb to limb. 

The B/H value is for the neutral section of the bar 
and as one moves toward the end of the bar, B/H drops 
due to the fact that flux is leaving the limb. Mathe- 
matically, it can be shown that if a bar has the outline 
of an ellipse its flux density, B, and its potential avail- 
able for external use, H, will be constant over the whole 
bar. The total permeance, P, may be considered as made 
up of a unit permeance p, per centimeter, multiplied by 
the length of the limb. The permeance per centimeter 
varies slowly, being maximum near the neutral section 
and minimum near the ends of the bar. Evershed, in his 
early work with carbon- and tungsten-steel bar magnets, 
applied the free polar radiation formula to arrive at 
values of P with good results.(2) Briefly, this formula 
is developed on the premise that lines of force radiate 
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Fig. 2— Derivation of the free-pole relationship, 
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outward from one polar region to the other. The per- 
meance of the leakage path can be estimated accurately 
by substituting for the polar area of the magnet limb 
a spherical pole of dimensions which make it the equiva- 
lent of the actual pole in its leakage effect. The free-pole 
formula is developed as follows: 


The permeance of the path extending outward in all direc- 
tions from the surface of a spherical pole of iron or steel is 
Referring to Fig. 2, the area of the ele- 
mentary spherical shell of radius x is 4x* and, denoting its 
thickness by dx, the reluctance of the shell is dx/4x*. Hence, 


the reluctance of the space between the surface of the 


found as follows: 


spherical pole N of radius r and a spherical boundary of 
radius nr will be: 


Ley l l 
R af pide oo (1 - a) 


If we suppose the boundary to be at some considerable dis- 
tance from the pole, so that n is a large number, 1/n becomes 
negligible and the reluctance of the path extending outward 
from the pole N is simply 1/4rr. Similarly, the reluctance 
from the distant boundary to a complementary pole of the 
same radius as N will also be 1/4nr. Hence, the reluctance 
of the entire path from pole to pole will be 2/4rr, and the 
permeance from spherical pole to spherical pole will be 
P == 2er. 

It is convenient to express the permeance of the leakage 
path formed in this way in terms of the surface of either pole. 


Denoting the surface of the pole by s, we have 4¢r s, 
from which r \/s/4r, so that the permeance becomes 
, 2a \/s/ (42) \/ zs, and since \/7 is 1.77, we have: 

P ivee GO (1) 


The use of the spherical-pole formula introduced by 
Evershed, and the general premise that real-magnet con- 
figurations approximate the condition of equipotential 
surfaces and radiation from these surfaces can be re- 
duced to rather simple terms are extremely important 
considerations. The author has applied this approach 
in the solution of a wide range of permanent-magnet 
performance problems. 
of the magnet 
limb determines its permeance and consequently its 


In many applications, the geometry 


operating point on a particular demagnetization curve. 
Many shapes, such as bars, rods and rings, are used 
to establish field energy in space and are not used with 
a well-defined air gap or additional magnetic circuit 
elements. It is common to refer to such magnets as 
operating under open-circuit conditions. In many in- 
stances the magnet is subjected to open-circuit or air 
stabilization before being inserted into the magnetic 
circuit of a device (a generator, for example). Under 
such conditions, the origin of the minor hysteresis loop 
is established by the open-circuit permeance and the 
degree of accuracy in locating this minor hysteresis loop 
controls the accuracy of the whole solution. Evershed 
used the free-pole formula with early magnet steels: 
obviously the extremely long limbs involved represented 
quite a departure from the assumption of polar radiation, 
and errors were observed. With today’s. high-coercive- 
force permanent magnets, magnet length to cross-section 


ratios are usually much lower and 1.77 \/s represents 
the total limb permeance, for all practical purposes. In 
early permanent magnets the effective spacing of the 


poles was found to be 70 per cent of the total length. 
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Fig. 3 


(a) Empirical relation between the ratio of magnet 
limb area to magnet end area (A,/A,) and effective pole spac- 
ing. (b) Difference in flux distribution between alnico 5 and 
barium oxide ferrite (BOF). 
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Fig. 4 Refraction of magnetic field. 





Using this effective spacing, the basic expression relating 
magnet flux 4, magnetomotive force F, and permeance 
P becomes: 


(mmf) <x P 


6 


or 
A,B = 0.7L ,H(.77 V 8) 
B/H = 1.770.7)Ln/An Vs (2) 
The location of the center of the effective pole is a 


problem of considerable importance and the author has 
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studied this with respect to shape for both long and 
extremely short limbs, and also with respect to the per- 
meability of permanent-magnet materials. First, above 
length-to-area ratios of 10 to 1, the physical departure 
from a sphere becomes extreme and the formula shows 
appreciable error with respect to measured data. In using 
present-day materials, this is of little concern since 
length-to-area ratios above 5 are uncommon. For very 
low values of L/A, the flux radiating from the ends far 
outweighs the flux from the periphery of the limb. For 
low L/A ratios, the effective pole spacing becomes the 
whole length of the magnet. Figure 3(a) shows an em- 
pirical relationship between the ratio of magnet limb 
area A, to area of magnet end A, and effective pole 
spacing L, as a fraction of the length of magnet, L,,. The 





B/H 
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Fig. 6 — Ratio B/H for magnet of rectangular section. 
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premise that the permanent magnet radiates flux like a 
charged body in the electrostatic system is based on the 
assumption that the », (reversible permeability) of the 
magnet is much greater than the permeability of space. 
For many permanent-magnet materials the », is nearly 
the same as air (ferrites) and, in effect, for long magnets 
of such material the effective pole spacing becomes the 
length of the magnet. 

Figure 3(b) shows the flux distribution difference 
between alnico 5 and BOF (barium oxide ferrite). The 
reversible permeability, »,, of alnico 5 is 3.5 and for 
barium ferrite approximately 1.1. 

With reference to Fig. 4, it can be shown by a con- 
sideration of boundary conditions that the refraction 
of magnetic lines leaving one medium and entering an- 
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Ratio B/H for circular cylindrical bar magnet: (a) axial magnetization, (b) radial magnetization. 
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Fig. 7 — Ratio B/H for ring magnet, axial magnetization. 
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other reduces to the following relationship if the two 
media have permeability », and p,: 


tan 4, My 


tan 6: be 


Considering the media to be iron and air, y;/p. will be 
essentially zero and for any value of 6., 6, will differ 
little from zero, or lines leaving the surface of the iron 
will be essentially perpendicular. In permanent magnets, 
pw, is small and 6, will not be zero. In practice, it appears 
that for permanent-magnet materials having », values 
of 3 or above, the analogy with respect to electrostatics 
is preserved to a satisfactory degree; but for lower values 
of », the permeability will have an appreciable influence 
on the effective pole spacing, L,. Figure 3(a) includes 
the influence of », and shape on L,; it will be noted for 
long magnets that the », of the material has an appreci- 
able effect. 

It is true that low », materials in general have high 
values of H., and consequently magnet limbs are seldom 
long: but, in a few applications, such as the long-sleeve 
focusing magnets in microwave tubes, the high H, ma- 
terial is used with very long L/A ratios. With these basic 
considerations, the author has extended bar-magnet 
theory to cover ring magnets and those having distinctly 
rectangular cross-section, multi-pole rotors and diametric- 
ally magnetized rods. For these shapes, Figs. 5, 6, 7, 8 
and 9 show plots of B/H vs geometry. On each figure 
the free-pole formula as developed for the particular 
geometry is given so that dimensions not plotted can be 
readily calculated. In plotting the curves, 1, has been 
computed from Fig. 3(a) on the basis of p, > 3, since 
at present more permanent magnets in use fall in this 
3, the values of B/H 


can be obtained by referring to Fig. 3(a) if the lengths 


category. For materials below j, 


are sufficient to make a difference. In Fig. 8 the perme- 
ance relationships for ring magnets are plotted as a 
function of geometry. These data allow one to calculate 
percentage of inside and outside flux with respect to 
total. 

The analogy to electrostatics constitutes a very useful 
tool in working with the permanent magnet. The free- 
pole formula can be used to give solutions of reasonable 
accuracy for a wide variety of flux radiation problems, 
as, for example, finding the total flux and its point of 
origin in a tapered magnet shape, Fig. 10. The neutral 
section can be found by finding the value of x which 
makes \/s on each side of the zone the same, so that 
the locations of polar areas are symmetrical with respect 
to the neutral section. Knowing effective cross-section, 
effective length L,., and total P, B/H can then be cal- 
culated. 

Thus far, the total effective permeance has been our 
only concern and from this the total flux from the open- 
circuit magnet is easily calculated using Eq (2) and 
the demagnetization characteristics of the material. 
Figure 1l(a), (b) and (c) shows the demagnetization 
materials which 
either are (or promise to be) in wide commercial usage. 


characteristics of permanent-magnet 


In (b) and (c), the various curves illustrate the wide 
range of unit magnetic properties which currently can 
he achieved with the synthetically produced ESD (elon- 
gated single domain) magnet. In iron and iron-cobalt 
compositions, widely different properties result from 
control of processing variables, of particle spacing, and 
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Fig. 8 — Permeance ratio for ring magnet, axial magnetization. 











Fig. 9— Ratio B/H for multipole magnet. 
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Fig. 10 — Finding the neutral section of a tapered magnet. 
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Fig. 11 — Demagnetization characteristics of various permanent 
magnet materials: (a) the alnicos and barium oxide ferrite, 
(b) iron particle magnets, (c) iron cobalt particle magnets. 


orientation. The ease of changing properties and the 
freedom from metallurgical processing limitations offers 
great latitude in arranging permanent-magnet circuitry. 
Table I lists the approximate reversible permeability for 
the more widely used permanent-magnet materials. 

In many instances it is desirable to know the flux dis- 
tribution along a magnet limb; the zoning method, Fig. 
12, allows a plot of flux density or magnetizing potential 
with respect to any point in.the magnet. In order to break 
the total permeance up into a ul. permeance, p per cm, 
the total permeance (P = 1.77\Vs) is divided by one- 
half the magnet length L,, and we then have an average 
value of p. 


p = (1.77 V 8)/(Ln/2) = (3.5/ 8)/Ln 


s = CL,,/2 
where C = periphery of limb, or 
p=2.5VC/L. (3) 


Breaking the magnet limb into three zones such that the 
zone lengths are of the ratio 3:2:1 has been found to give 
good results. In the table of Fig. 12, the S, zone is large 
since little error in flux distribution results from an esti- 
mate of p for this zone because of the low potential F, 
involved. The table shows a systematic arrangement of 
the variables. Actually, the flux density does not change 
abruptly as indicated; by sketching in a dotted line bi- 
secting the AB values, the real plot of flux density vs posi- 
tion along magnet limb is closely approximated. 

In the chart of Fig. 12, the expressions for 4B give 
the flux-density changes from point to point along the 
magnet limb. Since ¢ = FP, if AB is substituted for ¢ 
and pS for P, 


AB = pSF 
or 
B = pSF/A 
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Demagnetizing coeff 


Between the ends of a zone of length S, the change in 
flux density AB pSF/A. This is the density-level 
change due to radiation from the magnet limb. In the 
bar-magnet example of Fig. 12, A { {, (constant 
area section), and p p p 2.5VC/L, [Eq (3) ]. 


Open-Circuit Magnets: Examples 


The following are typical conditions encountered in 
choosing the optimum combination of unit magneti« 
arrangements for magnets 


properties and geometric 


operating under open-circuit conditions. 


1. Figure 13 shows three alnico 5 magnet configurations, 
each having the same length, cross-sectional area and volume 
whre C 


greatest total flux as measured at the neutral section. Refer 


periphery of limb, or 


ring to Fig. 5, we find that unit permeance (B/H) for the 
circular section is 5.9. According to Fig. 5(a), B/H for the 
square section is 6.0 and for the rectangular section 7.8 
The greater exposed surface area of the rectangular section 
has increased the permeance for this geometry and con 
sequently the flux will be highest for the rectangle. Laying 
out the permeance values on the demagnetization curve of 
alnico 5, Fig. 11, we find that total flux for the rectangle 
Le. (1) (4800) 1800 lines 

2. An electron-beam tube requires a focusing field of 500 H 
The tube is 1.5 in. in diam and the length of the focusing 


lens is 2 in 


To produce this field with a permanent magnet 
we must choose a material that will furnish 500 oersteds per 
em of length at as high an energy product as possible. The 
line integral theorem dictates that the potential per cm 
along the axis of the magnet will be very nearly equal to 
the potential per cm in the magnet material for tubular 
shapes of appreciable length-to-area ratio. Since the poles 
occur at approximately 75 per cent of the full length, to 
have a uniform field of 2 in. of length, at least (2) (1.25) 
or 2.5 in. is needed to meet uniformity requirements. Refer- 
ring to Fig. 7, we find that for D;/D, of 0.8 we will obtain 
B/H = 20 when L/D, = 1.75, since D; = 1.5, D, = 
1.5/0.8 = 1.87 and L (1.75) (1.88) == 3.3 in. We see 
immediately that a length much greater than that required 
from a uniformity viewpoint is need to obtain proper per- 
meance conditions. 
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3. A d-c generator design is being considered where the 
axial length of the rotor magnet is 1.0 in. and the diameter 
3.0 in. The choice of the permanent-magnet unit properties 
and the number of poles is under study. The rotor is to be 
magnetized and subjected to air stabilization before insertion 
in the stator. The optimum solution will be represented by 
maximum total flux from the rotor (or maximum flux density 
per pole) multiplied by the pairs of poles. Consider Fig. 9, 
in which rotor geometry D/W is related to pole configuration 
and permeance (B/H). At D/B 3, load line B/H varies 
from 5.0 to 8.2 for the 4, 6- and 8-pole systems plotted. 
From the unit property curves, Fig. ll(a), we see that 
alnico 6 and alnico 7 both operate efficiently at these values 
of permeance. Considering alnico 6, Table If shows that at 
B/H==8.2 the magnet (4pole configuration) will yield 
maximum rotor flux. At this level of permeance, alnico 6 
definitely operates at a higher density level than would 
alnico 7. Consequently, a 4pole alnico 6 rotor would repre- 
sent the best solution to this generator problem. It should 
be appreciated that certain other considerations may enter 
into an optimum generator design. These considerations are 
not introduced here in order to focus attention on the rela- 
a de- 
magnetization characteristic. ,OO0 


tionships which determine rotor operating point on 
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Fig. 12 — The zoning method for flux distribution. 
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Table I—Reversible Permeability of Common 
Permanent-Magnet Materials 





Material uy (approximate) 
alnico 2 6.0 
alnico 3 6.0 
alnico 5 a. 
alnico 6 5.0 
alnico 5 DG 3. 
alnico 7 4.0 
BOF (a) iA 
BOF (i) ‘a 

ESD particle magnet variable (2.5-3.5) 





Table li—Properties of an Alnico 6 Magnet 
Rotor with Various Numbers of Poles 





Flux Area Rotor flux, 


density, | pole, Pole flux, op 
Poles D/W B/A B, A,(cm) >; (poles /2) 
4 3 8.2 5000 7.6 38,000 76,000 
6 3 6.7 4100 5.1 21,000 63,000 
8 3 5 3000 3.8 11,000 45,000 








Part 2 of this article will appear in the October issue; both 


parts will be made available in reprint form at that time. | 
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Coordinated Design and Production 











Development of a system is described in 
which the basic concept was the standardiza- 
tion of printed-wiring board designs so that 
boards would be identical in size, connector 
terminations and — most important — in 


hole sizes and hole locations. 


W. J. BORNEMANN,* Supervisor-Printed Circuits 

HAMILTON Stanparp Division, Unitep Arrcrart Corporation 
Electronics Department 

Broad Brook, Connecticut 


F. E. MEYER,* Design Engineer 
Remincton Ranp Univac Division, Sperry Rano Corporation 
South Norwalk, Connecticut 


\ PRINTED-WIRING SYSTEM coordinating design and pro- 
duction activities, and thus achieving a homogeneous 
organization, has been developed at Stromberg-Carlson, 
a division of General Dynamics Corporation.* The re- 
duction of engineering design and drafting time was of 
prime importance in this development. It was important 
that any time reduction realized should not impair design 
flexibility or packaging efficiency (miniaturization). 
Production objectives were the extensive use of produc- 
tion-type tooling, a minimum of tooling expense and the 
ability to accept circuit modifications readily in all phases 
of production. It is felt that the technique described here 
has satisfied all desired objectives. In addition, other 
benefits in testing and production have been realized. 
This approach has general application to any system 
employing printed-wiring techniques. The concepts were 
developed in conjunction with a U. S. Army Signal Corps 
Research and Development project. The purpose of the 
project was the development and design of an electronic 
telephone switching system for tactical usage. Utilizing 
solid-state devices, the switching circuitry comprises ap- 
* Both authors were with Stromberg-Carleon Company, a division of General 
Dynamics Corporation, at the time this article was written and accepted for 


publication. The discussion in this article represents work done at Stromberg- 
Carlson. 
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proximately 220,000 components. To package the system 


logically, 8000 
would be required. These printed-wiring board assemblies 


approximately printed-wiring boards 
are referred to as “Component Board Assemblies” (see 
Fig. 1). The Component Board Assemblies are in turn 
plugged into 360 integrating printed-wiring boards known 
as “Base Board Assemblies” (see Fig. 2). In view of the 
large number of boards involved, a high degree of stan- 


dardization was essential to both design and production. 


Design Concept 


Throughout industry at present the printed-wiring de- 
signer is either free to design without restrictions, or is 
restricted within a specified board size, connector type, 
and possibly is required to use the grid location method. 
The grid method, usually a 0.1 in. horizontal-vertical 
grid, provides broad design flexibility. Board-size restric- 
tions are usually based on available space after other 
apparatus is installed or evaluated. 

At the beginning of the project it was decided that all 
boards would be the same size. The size tentatively 
selected was approximately 314 x 31% in., as experience 
had shown that this size is least susceptible to warpage. 
This size also resulted in a small, inexpensive assembly 
which could be considered as a replaceable apparatus 
item. 

Connector types were evaluated and tested. The pre 
fabricated Varicon printed-circuit contact was selected.4 
It is inserted into pre-punched holes in the component 
board, staked and then soldered to the printed wiring 
with the other components during the dip-soldering 
process. Evaluation of system planning and existing 
circuits indicated a requirement for a maximum of 16 
contacts which would be provided in all cases. In order 
to reduce the number of different printed-wiring patterns, 
a standardized functional circuit program was suggested 
and used throughout the systems circuits whenever their 
particular functions were required. Standardization of 
the size and location of holes and their surrounding cop- 
per pads was reached after extensive analyses. 

Obviously the location of holes—with either the board 
area as sole restriction, or with the 0.]l-in. grid—can 
result in an infinite variety of hole locations, depending 


+ For a description of the Varicon connectors see ““Mass-Produced Connectors 
Designed for Reliability,” Ex.mcrnica: Manuracruninc, July 1960, p 138 
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on the designer's approach. A study of component lead- 
wire sizes indicated that a hole of 0.052 in. diam would 
accept all wires with adequate clearance. This hole size 
was standardized. Tests indicated that good solderability 
and mechanical holding could be achieved. 

Standardization of hole locations was resolved with 
the concept of a new grid configuration. The basic 
geometrical configuration of the grid is an equilateral 
triangle, of which all sides are 0.2 in. in length and with 
vertices coincident with center of hole and pad areas. 
This grid is compatible with EIA standards, which in- 
clude tooling of automation machinery for component 
insertion. With this configuration, components can be 
mounted in any one of 6 possible positions (considering 
one pad as center) without departing from the 0.2 
multiple. The equilateral pattern provides a maximum 
number of possible holes in a minimum space. With this 
approach, all holes can be punched whether they are 
required or not, for simplicity in tooling. Surrounding 
copper-pad areas are provided only as required to termi 
nate a component lead. 


Peete 


The standardized board (Fig. 3) measures 3.045 by 
3.43 in. Holes, 0.052 in. diam, two per contact, were Fig. 1 — Prototype component-board assembly. 
provided at one edge for mounting the 16 Varicon con- 
tacts. Corners of this same edge were notched to ac- 
commodate a unique card seating-locking device. On the 
opposite edge, two holes were provided in the corners 
for spacing pillars. In the center of the board, the equi- 
lateral triangle pattern of 0.052-in. holes was constructed 
within established borders. 


Design Use 


As an aid to the engineer in the design of component 
cards using this standardized board, an “Engineer's Work 
Sheet” [Fig. 4(a)] was evolved. This is a 2:1 scale 
representation of the board as viewed from the printed- 
wiring side. The work sheet includes the board outline, 
pillar areas, copper-pad areas for termination of the con- 
tacts, border lines and all possible copper-pad area out- 
lines for component lead termination. 

For minimum tooling of automatic component inser- 
tion machinery, it is desirable to insert all components 





on lead spacings in increments of 0.200 above a 0.600 
minimum spacing. Based on these spacings, half-watt 
carbon resistors can be mounted on 0.600 centers, and Fig. 2 — Base-board assembly. 
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big. 3 Standard board, showing all holes and all possible land 





10 of these can be mounted on one board—provided the 
circuit configuration is also compatible. 

With this general information. a knowledge of com 

ponent sizes and general printed-wiring design restric 
tions (e.g., minimum width of printed lead and spacing 
between adjacent leads is 0.032 in.), the engineer can 
sketch his component card design on the work sheet 
Working from the schematic, the engineer indicates on 
the work sheet his component placement by using a green 
pencil to block in the component outline and the proje« 
tion of its leads to the appropriate termination pads 
note that, since the work sheet indicates the coppel 
side of the card, component indications would be on a 
“see through” basis). The required pad areas would be 
blocked in red pencil and required interconnecting 
printed leads would also be sketched in red. These leads 
are easily run, since unrequired pad areas (copper) 
would not be provided and their circle outlines give a 
definite guide for the location of printed leads. 

The resulting rough sketch [Fig. 4(b)] of the design 
satishes the circuit configuration. It should be noted that 
dimensioning of components and lead placement is not 
required; design time is thus reduced. From this sketch, 
a draftsman can now produce an artwork drawing and 


an assembly drawing 


Drafting 


Several artwork preparation methods were developed, 
making it possible to reduce the time required for art 
work preparation. All of these methods make use of a 
master artwork pattern based on the standardized card 
\ photo-composing machine was used to prepare the 
master pattern on - at two times actual board size 
Because of the high degree of accuracy possible (maxi 
mum error 0.002 on the twice-size master) when using 
a machine-made master, it was not necessary to go to 
the normal four-times-size artwork. 

The glass master pattern shows all the pad areas, pilot 
rings, center-line targets, board outline and name plate 
\ positive contact print is made from the master pattern 
using Cronar film. This positive is supplied to the drafts. 
man. who compares the designer's work sheet with the 
positive print of the master pattern and removes those 
land areas that are not required. This is easily done, 
simply by moistening the emulsion and scraping lightly 
Layout tape is now used to interconnect the remaining 
pad areas, with the correct routing determined from the 
designer's work sheet. As soon as the preliminary artwork 
is completed, a contact print is made from it using direct 
positive Cronar film. This print is the final artwork and, 
because it is a photocopy, there are no problems of tape 
slippage or ink chipping. 


“ 





Fig. 4-— Engineer's work sheet for printed circuits. Top, blank 
form; bottom, two-color design as supplied to drafting depart- 
ment. 
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This is the process presently being used. An average 
reduction of 75 per cent in drafting time has been realized. 
The negative and one positive are filed as “masters”. Ad- 
ditional positives, called “working masters,” are supplied 
to the production department for use in the preparation 
of step-and-repeat positives for card fabrication. 

An artwork-making machine has recently been de- 
veloped which rapidly produces a preliminary master 
artwork. This machine is called a Lumigraph (Fig. 5). 
It consists of a two-times-size precision negative mounted 
in a supporting frame with a removable film holder 
positioned above the negative. Cronar film is placed in 
the film holder, and then, through a system of extremely 
small light bulbs, the desired land areas are separately 
exposed without exposing the entire pattern of land 
areas. At the same time, all standard configurations such 
as pilot rings, centerline marks, and connector mounting 
pads are exposed. When developed, the preliminary 
master has all the critical portions of artwork precisely 
located from the master negative. The draftsman may 
then supply the interconnecting conductors. The resulting 
product is more accurate than hand-drawn artwork and 


is made in much less time 


Pre-Production Test Boards 


When a piece of artwork has been completed, the next 
question is, “Will the circuit work?” 


this question requires that several sample boards be pre 


A quick answer to 


pared as rapidly as possible, then assembled and tested. 

Sample boards for test purposes are made directly 
from the artwork through the use of the Xerox process 
(developed by the Haloid Xerox Company). The enlarged 
artwork is photographed in a special camera and, after 


Fig. 5 


ae 


lll 


a brief transfer operation, the image of the conductor 
configuration is reproduced from the artwork on a piece 
of copper-clad laminate. The image is composed of an 
etch-resistant material so that immediately following 
printing the copper-clad panel may be etched and 
fabricated. 

After the initial groups of samples were made it was 
found that the print could be positioned with considerable 
prefabricated, punched board. With 
this refinement in technique, it became possible to 
prefabricate the boards and supply these to the Xerox 


accuracy on a 


camera operator, who would then print the proper pattern 
on the board. The final etching step could be done im- 
mediately following printing, making it possible to have 
a test board within one hour after the artwork was 
completed. Sample boards of this type are used for test- 
ing the assembly and making sure that it will function 
properly under specified environmental conditions. When 
the test board is approved, the artwork is released to 
production. 


Production 

For the production runs of printed-wiring boards a 
different production system was used, although the same 
tooling was used whenever possible for both sample and 
production parts. It was determined that, for quantities 
up to 90 parts, a single-image photo stencil on a silk 
screen [Fig. 6(a)] was the most economical production 
method. The desired artwork is reproduced on a pre- 
cision copy camera, reducing the image to actual size. The 
film used in making this “shot” is Du Pont Screen Process 
film (made especially for direct transfer to a silk screen). 
This becomes the photostencil from which the prints are 
made on prefabricated boards. 


«<8 @erteree 





Lumigraph (an artwork-making machine) with film holder removed to show selectively-illuminated master negative. 


When contact is made with a stylus through designer's work sheet, the appropriate land area is illuminated. 
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Fig. 6—Left to right: (a) sin- 
gle-image photo stencil on silk 
screen, (b) 7-unit stencil on 
stainless steel screen, (c) 2)- 
unit stencil on stainless steel 
screen. 





For quantities in excess of 90 pieces, multiple-image 
screens are made of stainless steel wire cloth mounted on 
a metal frame. The initial negative image produced by the 
copy camera is processed on a photo-composing machine 
and reproduced a number of times on a single larger posi- 
tive. This step-and-repeat positive is a photographic tool. 
Spacing between the individual images is made to match 
the pilot-hole die and component board piercing and 
blanking die and is held to very close tolerances. 

Step-and-repeat positives for the component boards on 
this project are of two basic types. Quantities from 91 to 
350 are made from a positive having 7 patterns repeated 
in a single row [Fig. 6(b)]. Quantities above 350 are 
produced from a positive having 3 rows of 7 patterns 
each [Fig. 6(c) ]. The spacing of the patterns is the same 
on all step-and-repeat positives, so the same pilot-hole die 
can be used for both the 7-up and the 21-up panels. 

In producing boards in production quantities, the 
copper-clad laminate is purchased in precut panels. The 
panel size is 1114 x 23 in. and is sufficient to accommodate 
the 2l-up layout and provide the necessary amount of 
clearance around the edges. Piercing the pilot holes is 
the first operation performed in making the boards. A 
pilot-hole die pierces 2 pilot holes in each part of the 
21-part layout, for a total of 42 pilot holes. The location 
of the pilot holes is determined from the layout print 
used to make the 21 step-and-repeat negatives. Each pilot 
hole is so positioned that, in printing the etch resist 
pattern, a ring is printed around each pilot hole. The 
inside diameter of the ring is the same as the diameter 
of the hole. Therefore, when registration is perfect there 
is no copper showing around the hole. If there is any 
misregistration, a crescent of copper appears at one 
side of the hole. Stainless steel cloth having a 200 x 200 
mesh count is used for these screens to assure necessary 
dimensional stability and provide proper definition. 

After being printed, the panels are etched, the resisi 
removed and they are then cleaned. Chemical cleaning 
is accomplished in a series of dip tanks, and yields a 
copper surface having excellent solderability. To preserve 
this finish it is necessary to apply a coating of dilute water- 
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dip lacquer. This results in a thin coating which provides 
better than six months shelf life and in no way inhibits 
dip soldering. 

Fabrication of these boards is accomplished on a 
compound die that pierces all holes and blanks the outer 
configuration in one stroke of a punch press. The press 
used is an 85-ton mechanical press. No setup time is 
involved when different parts are run because the same 
hole pattern is punched, regardless of circuit configura- 
tion. Connectors are inserted in the boards after fabrica- 
tion and then the boards are packed and sent to a 
stockroom for storage until drawn out for assembly. 


Location Numbering (Locno) System 


Throughout the preceding sections no mention has 
been made of any method for identifying components. 
With the use of the component board master pattern, a 
numbering scheme was evolved which may be used for 
this purpose. 

The conventional system employs a letter (or letters) 
and a number (e.g., Rl, R2, C20, etc.). Normally, the 
letter is an abbreviation of the component type (e.z., 
R = resistor, C = capacitor, etc.) and the number indi- 
cates that it is the first, second, or tenth component of 
that type appearing in the circuit. Since both the symbol 
and letter designation indicate the component type, this 
is a redundancy. Consecutive numbering of the compo- 
nents is of no real value, as it only indicates that there 
are, for example, 14 resistors or 4 capacitors in the 
circuit. Moreover, this system gives only a general ink 
ling of component location on the schematic and no 
directions as to its physical location in the assembly 

Printed wiring is used in Stromberg-Carlson’s electronic 
telephone switching system not only for its advantages 
over conventional wiring, but also as a miniaturization 
medium. This miniaturization, and the necessity for a 
readable designation, required a completely different 
method of component indication. 

The numbering method proposed (Locno) is believed 
to solve the problem. It is compatible with production 
procedures and provides advantages in drafting. In addi- 
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tion, it lends itself to ease of maintenance and develop- 
ment of test equipment comparable to that presently 
employed for vacuum tubes. 

The location numbering system is applied to the com- 
ponent board assembly as follows (refer to Fig. 1 again). 
On the component side are designated the various con- 
tacts one (1) through sixteen (16), and the numerals 
1 and 16 are printed at the first and last (left to right) 
contact. All holes of the grid pattern are numbered 
sequentially, reading left to right, top (opposite end from 
contacts) to bottom. However, when the prototypes have 
been completed, only those holes which will actually be 
used to terminate component leads will have their num- 
bers silk screened above the hole. Thus, all components 
of the assembly are designated by the series of numbers 
designating the holes through which their leads terminate. 

Since the numbering is identical on all boards, the 
designation indicates its location on the board. 

On the assembly drawing a column has been added 
to the stock list to include the location information. In 
production, the assembly is made directly from the stock 
list without any other references. 

To complete the Loceno designation system, a relation- 
ship must be made on the schematic drawing (Fig. 7). 
This is accomplished by deleting conventional designa- 
from the body of the drawing. The 
Locno numbers are added at the ends of the component 


tions and values 
symbol. The numbers are oriented so they denote the 
specific component lead which terminates in the respec- 
tive hole. All leads leaving the circuit are identified by 
the Varicon contact number. With this relationship we 


can now say that the Locno designations also represent 
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diagram. Related values of components and stock num- 
bers can be provided in a tabular form. Maintenance 
and test procedures have been found to be greatly simpli- 
fied when this system is incorporated. This work can be 
accomplished simply by reference to the schematic draw- 
ing, and any component can be located or lead traced 
with ease. 


Summary 
A number of benefits has been realized through the 


application of this system of printed-wiring production. 
Design has been standardized, thus greatly reducing the 
design effort. Time required for the preparation of art- 
work has been cut to a fraction of the time previously 
required and, at the same time, dimensional accuracy 
has been substantially improved. Furthermore, this ac- 
curacy is maintained throughout the process by photo- 
graphic reproduction on highly stable film. 

In production, the standardized tooling has greatly 
reduced lead and setup time. Assembly operations are 
simplified and less operator training is required, for the 
Locno designation system makes it possible to assemble 
boards from the stock list without reference to blueprints. 

With the standard board, production testing of the 
various assemblies is now easily accomplished by auto- 
matic test equipment and, when faults are detected, the 
identification and location of the faulty component is 
quick and sure. 

As a result of these many advantages, this printed- 
wiring system has been adapted for application to several 
military projects, and to several new commercial prod- 
ucts, including SCATE (Stromberg-Carlson Automatic 
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Fig. 7 Schematic showing use of a new 
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system (Locno) of component identification (see also Fig. 1). 





Designing Passive and 
Tunnel-Diode Networks—2 


| Modern synthesis techniques for realizing prescribed frequency 
| characteristics (as discussed in Part 1, published in the August 
| issue) are further developed: illustrative examples of uniform re 
verse predistortion . . . methods for reducing the number of tunnel 


diodes required . . . reverse predistortion techniques to be applied 





| | to the exact design of practical networks. 


LOUIS WEINBERG use active elements. Using the substitution s p+ 2 
Hucues Researcu Lasoratory we obtain 
Malibu, California 


i 


A") (p + 3p >) to) 
In Part 1 of this article, predistortion was defined and We then employ a procedure for realizing a ladder net- 
the predistortion procedure explained. The case of re- work (12). Since 
verse predistortion—i.e., when s p + d is substituted 
into the given system function instead of s p d Kp) (26) 
was discussed. An illustrative example of predistor- 7 


tion was given. 
é we divide numerator and denominator of the right 


° e sicle of ke (25) b yt ; 1) i d ide tif 

iMustrative Examples of Uniform Reverse See? OF ese ee 
Predistortion H 

The realization of tunnel-diode networks by some “nu = Ap +4) (27) 
simple examples is illustrated in this section. These ex- 
amples do not exhaust all the possible applications of 7) (p + 3p + 5) 
the technique of reverse predistortion, but are intended Ap + 4%) 
4 ter namie Vol C TI A continued-fraction expansion about infinity of Z 
@ i. Kealization of a o tage rain. 1€S¢€ exampics sivas the actwesk chown ta Fic, 17. for which & can 
illustrate how one can realize an RC voltage ratio with be seen that H 15 


a constant multiplier that is greater than the maximum 
possible for a passive network without transformers. 
Suppose we wish to realize the transfer voltage ratio 


1 ms) 


as) ag ent ~ 
. | | 
T 
(24 | 
(s + 1s + 3) ) 
> 4 4 = 
: H Fig. 17 — Realization of the voltage ratio K"(p). (Values in 
+48 +3 ohms and farads.) 


by means of an RC ladder network with H = 10. It is 


easily determined (]6)* that the maximum H for a pas- * Italic numerals in parentheses refer to Cited References at end of article 


sive network without transformers is 3. Thus we will apie reed wh Pee Et a crite, Angus 
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Removal of the reverse predistortion now gives the 
network shown in Fig. 18, where each of the two parallel 
combinations between dashed lines can be replaced by 
a tunnel diode as in Fig. 19, where D, and D, have the 
same time constants but different R and C parameters. 

If a low-pass to band-pass transformation is made on 
the network shown in Fig. 18, the network in Fig. 20 
is obtained. Here the RC parallel networks can again be 
replaced by tunnel diodes. 

Before commenting on this example, we realize an- 
other voltage ratio given by 


H 
s’ + 98/4 + 33/64 


where it is required that we use a ladder network with 
a load resistance of one ohm and obtain H = 9/16. 
We substitute s p + 7/8 to obtain 

H 


KY p? + 4p + 13/4 (29) 


Since, for the required configuration, 


KT — (30) 
1 + V3 
we divide numerator and denominator of Eq (29) by 
2p 4+ 10/4 and identify 
Y7, «= H/(2p + 10/4) 
(31) 
1+ Y,, = (p? + 4p + 13/4)/(2p + 10/4) 
By a continued-fraction expansion about infinity of 
YY’ we then get the ladder, shown in Fig. 21, for which 
H 3/4. We note that the spread of capacitance (and 
hence the negative conductance) values is smaller in 
this ladder than in the realization of the previous example. 
As before, the effect of the reverse predistortion can 


be eliminated by substituting p 5 7/8. This gives 
the tunnel-diode network in Fig. 22, where for D, the 
parameters are ( 3/2 and R 16/21, while 
for D, they are ¢ 1/2 and R 16/7. 


The question of stability may be conveniently treated 
at this point. How do we know that a complicated net- 
work designed in this way to contain many tunnel diodes 
is stable? The answer: irrespective of the network com- 
plexity, the procedure guarantees that the network is 
stable; that is, none of its natural frequencies lies in 
the right half-plane. For example, the natural frequen- 
cies of the network shown in Fig. 22 are given by the 
zeros of the admittance seen across any pair of nodes. (17) 
\ convenient pair is the one across the output resistance, 
since this is the positive real admittance that we ex- 
panded as the ladder network: namely, that given by 
the second of the set of Eqs (31) after the substitution 


p ‘ 7/8 has been made: 


: s? 4+. 99/4 4+- 33/64 

) l + Vs os 4 374 (32) 
The zeros are the poles of the original voltage ratio and 
are obviously in the left half-plane. In the general case 
it is clear that this will always be true—that is, we can 
choose the driving-point function so that the natural 
frequencies of the designed network are simply the 

poles of the original transfer function. 
The first example illustrates that stability docs not 
necessarily imply that the function that is expanded as 
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Fig. 18 — Network obtained from ladder in Fig. 17. (Values in 
ohms and farads.) 





Fig. 19-— Tunnel-diode network equivalent to the network in 
Fig. 18. 
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)— Network obtained from ladder in Fig. 18 by use of 
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Fig. 21 — Ladder realization of the voltage ratio given by Eq 


(29) 


(Values in ohms and farads.) 
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Fig. 22 — Final network realization of voltage ratio in Eq (28). 
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Fig. 23 in Eq (37). 


Ladder-network realization of Z/ 
(Values in ohms and farads.) 


a function of p is positive real as a function of s; it 
may be convenient in some cases for this not to be true. 
The impedance Z,,(s) derived from Eq (27) by substi- 
tution of p = s — 2 is 


(s + 1s + 3) 


Zu(s) = (s — 2X8 + 2) 


(33) 


Though this has poles in the right half-plane, the net- 
work is stable. Since the ladder shown in Fig. 18 is 
driven by a voltage source, it is the zeros of Z,,(s) that 
are the natural frequencies. 

In both of these examples the tunnel diodes eliminate 
the need for ideal transformers. This means that we 
should be able to realize these networks as RC networks 
containing ideal transformers. This is indeed true, in 
spite of the fact that Z,,(s) for the network shown in 
Fig. 18 is not positive real. If we short out the voltage 
source and consider the network as a two-port with 
its input terminals across the one-ohm resistance, the 
impedance matrix is 


4(s + 7/4) 15 
(s + 1s + 3) (s + 1s + 3) 
[2] = (34) 
15 60s + 9/4) 
(s + 1s + 3) (s + 1s + 3) 


Since the two-port is stable with respect to all passive 
terminations—that is, Z,, and Z.. are positive real 

and the network is reciprocal—that is, Z, Z it 
must satisfy the theorem that a stable reciprocal n-port 
is passive. (18) We find by a partial-fraction expansion 


3/2 15/2 5/2 15/2 
: I l ™ 
[2] = s+1 ees (35) 
15/2 79/2 15/2 45/2 


which satisfies the necessary and sufficient conditions (19) 
for the realizability as an RC two-port containing ideal 
transformers. 

Similar considerations apply to the case of nonuniform 
dissipation. In addition, though the examples in this 
section use RC transfer functions, the procedures are 
directly applicable to RLC transfer functions; that is, 
those with complex poles. 

Finally, we note that the number of tunnel diodes re- 
quired is equal to the number of capacitances (in the 
low-pass network). Thus, for a general transfer func- 
tion, we can predict the required number of tunnel 
diodes since we can predict the minimum number of 
capacitances required for realization. Hence it is desir- 
able to use the realization procedures that require the 


118 


minimum number of capacitances. However, for some 
applications—e.g., for realizing a rational function of 
high order—it would be desirable to find a modification 
of the straightforward procedure so that a tunnel diode 
is not associated with each capacitance in the network. 
We shall demonstrate this in the next section. 

@ 2. Use as a Filter Component. Tunnel diodes may 
also be used for filter purposes. It is well known, for 
example, that a passive ladder network cannot realize a 
nonminimum-phase transfer function. Furthermore, no 
grounded or ungrounded network without transformers 
can realize a transfer function with a zero on the positive 
real axis. It should be clear from the preceding discus- 
sion, however, that the use of negative-resistance devices 
eliminates these difficulties; that is, the negative resistance 
in the arm of a ladder network permits zeros of the trans- 
fer function of the ladder to lie in the right half-plane. 
We use an RC tunnel-diode network in an example that 
illustrates this application. 

Suppose we wish to realize the open-circuit transfer 
impedance 

Z. (s : 0.5) + 8.5) ; (36) 

(s + 0.5)(s + 2.5)(s + 4.5) 

by means of an RC ladder network. Since the given 
function is nonminimum phase, the restriction mentioned 
above applies: the function cannot be realized by a pas- 
sive network without transformers. We perform reverse 
predistortion by substituting s p 1.5 into Eq (36) 
to obtain the minimum-phase function 


(p + 1p + 10) 


ZI 37 
(Pp + 2p + 4p + 6) id 
an RC driving-point function 
with the same poles; for example, 


We now associate with Z7, 


(p + 3Xp + 5) 


Z? 
‘1 (pp + 2p + 4p + 6) 


(38) 
This function is now realized by a zero-shifting procedure 
to give a ladder network with the desired zeros of Z/ 
at p 1 and p 10. One result is shown in Fig. 
23. However, since the network uses more than the 
minimum of three capacitances and the spread of capaci- 
tance values is fairly large, an attempt can be made to 
obtain an alternative network. Another network (20) 
realizing Z7, and Zi, of Eqs (37) and (38) is shown 
in Fig. 24; since this uses only three capacitances and 
has a much smaller spread of values, it is clearly pref- 
erable. Also, in showing these two networks, we wish 
to emphasize that a large variety of realizations is gen- 
erally available. 





Fig. 24-— Alternative realization of the transfer impedance in 
Eq (37). (Values in ohms and farads.) 
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nonminimum-phase transfer 


Fig. 25 — Ladder realizing the 
impedance of Eq (36). (Values in ohms and farads.) 


Now, using the network shown in Fig. 24 and removing 
the effects of the reverse predistortion, we obtain a net- 
work realization of the given function in Eq (36) as 
shown in Fig. 25. We now substitute tunnel diodes, 
each with an RC time constant of 2/3, for the parallel 

R and C combinations to obtain the network in Fig. 
26. We can also make use of the positive resistance in 
parallel with each of D, and D, to obtain tunnel diodes 
with different time constants or to eliminate the need 
for a tunnel diode altogether. For example, if we com- 
0.667 ohm and 0.348 
ohm (shown in Fig. 25), we get a positive resistance 
of 0.727 ohm; thus D, is not actually required. 

An immediate application of the above suggests it- 
self for time-delay networks. One of the disadvantages 
of the maximally flat time-delay networks yielded by 
the use of Bessel polynomials is that the linear-phase 
characteristic extends far beyond the useful band as de- 
termined by the cutoff frequency of the magnitude 
characteristic. (27) Thus only part of the linear-phase 
frequency band can be used. If the cutoff frequency of 
the magnitude characteristic could be increased without 
changing the phase characteristic, a larger time delay- 
bandwidth product becomes available. Such an increase 


bine the two shunt resistances of 


can be achieved (22) by converting one or more pole 
factors to corresponding zero factors with a changed 
sign on s. The new nonminimum-phase transfer fune- 
tion may now be realized as a simple network configura- 
tion by using reverse predistortion. 

A similar filter function is possible for LC and RLC 
networks. For example, for an LC network we can use 
nonuniform reverse predistortion to obtain a_tunnel- 
diode network. 

e 3. Dasher Procedure. (12) When an RC transfer 
function has complex-conjugate zeros, the passive RC 
ladder does not suffice; nor does the ladder containing 
resistances, capacitances and tunnel diodes. The Dasher 
procedure is a practical method for realizing complex 
zeros in the left half-plane and on the imaginary axis; 
each pair of conjugate zeros is realized by a separate 
section of the overall network so that the sensitivity of 
the zeros to parameter variations is placed under control. 

When the zeros are complex but lie in the right half- 
plane, reverse predistortion can be used along with the 
Dasher procedure. For example, suppose the short-circuit 
transfer admittance given by 


s(s* — 2s + 2s? — s + 1) 


%FDGEDG IG + De +s 


is to be realized by an RC tunnel-diode network. Letting 


s p +- 1, we get the minimum-phase function 
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yr (p + 1p? + 1X p? + p + YD (40) 
*}  2(p + 2p + 4)(p + 6)(p + 8p + 10) 


Now, to simplify the calculations, we consider that the 
desired network is split into two smaller networks: A, 
characterized by Y],, and Y4,,, and B, characterized 


by Yf» and Y7,,. We then use the partitioning 
theorem (23) expressed by 
ese ve a 
oN ie + ¥ si0 


to realize each sub-network separately. Thus, one com- 

plicated problem is reduced to two simpler problems. 
We divide numerator and denominator of Eq (40) 

by the squares of alternate poles beginning with the 


second—i.e., by (p + 4)* (p + 8)*—to obtain 


Roll p'+p+l 

(p+4) (p+8)j L(p+4)(p+8) 

(p+2)(p+6) p+ 1?) . [? +2) p+6)(p +10) 
(p+4)(p+8) (p+4)(p+8) 
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We may now identify 


ah g _ (P+ ip? +1) yr : p’+pt+l 
ile (p +4) (p+8) 12 (p+4)(p+8) 
(43) 
_ (pP+2p+6p+10) 


YT - (p+2)(p+6)(p +10) yr 
, (p+4)(p+8) 


op (p+4)(p+8) = 


The realization of the two sub-networks now proceeds 
in a straightforward manner by use of the Dasher pro- 
cedure. We therefore do not carry this example further, 
except to point out that this network will require a large 
number of capacitances and hence a large number of 
tunnel diodes. In the next section, we will make use of 
the partitioning theorem in one method of controlling 
the required number of tunnel diodes. 

@ 4. Realization of a Power Gain. The tunnel-diode 
networks can also be used for realizing a specified trans- 
fer function with a power gain; thus, ideal transformers 
can no longer perform the same function. For example, 
we can employ nonuniform reverse predistortion to 
realize the three-stage amplifier that is the band-pass 
equivalent of the low-pass third-order Butterworth func- 
tion 


H 
(6) = 
(44) 
' H 
~ gt + 29? + 25 41 


Here we would let the dissipation associated with the 





Fig. 26 — Tunnel-diode network obtained from ladder in Fig. 25. 
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Fig. 27 Network realization of Y,, of Eq (45), showing 
explicitly the A subnetwork characterized by functions in Eq 
(46). (Values in ohms and farads.) 


inductance be positive or zero, whereas the capacitance 
would be associated with negative dissipaticn. 


Reduction of Required Number of Tunnel Diodes 


The direct procedure that we have described requires 
that negative resistances be associated with all the reac- 
tive elements for which reverse predistortion has been 
used. For example, for nonuniform dissipation where the 
capacitances are dissipative but the inductances are not, 
all the C’s will have negative resistances. Of course, as 
has been demonstrated, it is often true that a positive re- 
sistance that exists in parallel with a capacitance will 
eliminate the need for an active element. 

In many applications it may be desirable to cut down 
the number of active elements. A simple modification of 
the procedures makes this possible. As we shall see, it is 
even possible to control the position of the active elements 
in the network; in this way we can, for example, avoid 
nonlinear distortion or saturation of a tunnel diode by 
placing it at a point of low signal level. 

Note that reverse predistortion was applied to the 
overall transfer and driving-point functions. However, 
this is not necessary. For example, in using the par- 
titioning theorem, we can use reverse predistortion only 
on the sub-networks. Thus if we have 


(s 1)(s* + 2s + 4) (43) 
(s + 2s + 4)(s + 6s + 8s + 10) , 


we can choose Y , as is 1) divided by a first-degree 


denominator and Y..,. as a first-degree numerator over 
the same denominator. We then realize the A subnetwork 
by reverse predistortion but realize the B subnetwork 
by the ordinary Dasher procedure. Thus only the A sub 
network will contain tunnel diodes. For example, if in 


this example. 


I 
) , 
(16) 
1.5 
) : 
and we let s p 1 only in } and Y..,., we have 
1 p 
} i 
(47) 
p 2.5 
} a 


The final A subnetwork is shown. in Fig. 27. Since sub- 


120 


network B is realized without predistortion, it will re- 
quire no negative resistances and the complete network 
contains only one tunnel diode. 

Furthermore, use of the partitioning theorem is not 
essential in many cases. We can partially carry out a 
realization of a driving-point function as a function of s 

i.e., without reverse predistortion; then at some con- 
venient point we can transform the remainder function 
to a function of p and realize this new function, inserting 
the remaining zeros in the p plane of the associated 
transfer function. Now, to remove the effects of the re- 
verse predistortion, we operate only on the final partial 
network: only this part will contain negative resistances. 

Alternatively, we need not realize this remainder func- 
tion completely as a function of p; we may partially 
realize it and then, after transforming the new reduced 
remainder function to a function of s, complete the 
realization. Only the part of the network realized as a 
function of p will contain negative resistances. In fact, 
this procedure of shifting from a function of p to a 
function of s may be performed more than once as the 
realization proceeds, and different values of d may be 
used for different parts of the network. It should be 
noted, however, that when we transform a driving-point 
function of s to a function of p, there is no problem con 
cerning the positive real character of the new function: 
the new variable p d is a positive real function, and 
it is well known that a positive real function of a posi- 
tive real function is still positive real. However, if we 
perform the transformation from a function of p to a 
function of s, it is no longer true that the new function 
is automatically positive real; we must bring this about 
by our procedure. 

By the methods suggested above we may control the 
position and number and time constants of the active 


r 


elements. 
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» Microelectronics 


Many companies are working feverishly to 
perfect techniques and materials for im- 
mediate use and are also carrying out ex- 
tensive research programs to develop the 
components and devices of tomorrow. Some 
questions in this highly active, important, 
and even controversial field are: What is 
What holds the 
promise for the future? How soon will this 


promise be fulfilled? 


available today? most 


JOHN R. RIGGS 
{ssociate Editor 


Ir 18 NO Secret that confusion and misconception abound 
in the field of microelectronics. This is the inevitable result 
of research ferment and commercial activity. A comparable 
confusion surrounded the development of printed circuits 
only a few years ago and (more recently) the research 
work that led to semiconductor devices now generally ac- 
cepted as standard. 

The prevailing disorder in microelectronics is the result 
of three factors. The first is a lack of understanding and 
integration of effort between the system designer and the 
component designer with regard to what is desired on one 
hand, and what can be done to meet the need on the other. 
The second is a rash outpouring of claims and counter- 
claims in the midst of which it is difficult for anyone to 
determine what is a statement of accomplished fact and 
what is a projection of a hope for the future. The third 
factor contributes to the first two: it is an essential mis- 
understanding and confusion over the meanings of the 
terms involved and, with time and genuine cooperation, it 
can be more easily resolved than the first two. 

Microelectronics in System Design. The need for 
microelectronics has been (and its future application will 
be) in two principal areas of system design: large-scale 
computers and space and airborne equipment. The need in 
both cases stemmed originally from a desire to reduce 
size—a commercially profitable enhancement in the case of 
computers and a definite necessity for space vehicles. How- 
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ever, miniaturization of components per se reached a stale- 
mate some time ago. In most instances, the size was small 
enough but factors of reliability under extreme environ- 
mental conditions and cost began to enter the picture. J. R. 
Black of Motorola has said, “The present method of con- 
structing electronic systems by the interconnection of com- 
ponents presents a barrier to systems complexity since there 
is a relatively low cross-over point between the number of 
components interconnected and an acceptable reliability 
figure. In order to establish a breakthrough in the com- 
plexity-reliability product, new methods for constructing 
systems must be developed wherein the number of inter- 
connections is reduced to a minimum or abandoned entirely. 
Fortunately, methods utilized in the new field of micro- 
electronics provide means for reducing the number of inter- 
connections required. 

“System engineers should be warned, however, that the 
degree in breakthrough of this reliability barrier is not 
necessarily directly proportional to the promised or quoted 
component and function density figures which today are so 
bantered about. Figures on reliability, cost, and 
designability are better indicators of this breakthrough than 
component or function-density information.” (])* 

Whether or not the “breakthrough” referred to by Mr. 
Black has been achieved is, of course, the subject of much 
of the controversy. The steps that have led or are leading 
to the breakthrough are overlapping and, inevitably, there 
have been retrogressions. There can be no doubt, however, 
of the system designer's need for it. 

Three Approaches to Microelectronics. To clarify 
the definitions of the names that are applied in one way 
or another to the various approaches to microelectronics, 
it is helpful to lay out three broad areas or categories. They 
are, of course, overlapping, but it has been found convenient 
by most people in the field to make these distinctions, in 
some form similar to this. The three categories are: 

1. discrete miniature components 


loosely 


2. integrated circuits 


3. molecular electronics. 
It will be noted that they are not strictly parallel. The first 
refers to things, the second is essentially a technique, and 
the last might be called an entire science of its own. This, 
however, does not detract from their usefulness in classi- 
fying the various approaches. Rather it indicates the direc- 
tion in which development and research have been and 
are proceeding. 

It is also helpful to distinguish the three categories by 
applying a criterion of “separability” to them. “Discrete 
miniature components” covers devices or assemblies which 


* Italic numerals in parentheses refer to Cited References at end of article. 
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are made up of components which can generally be dis- 
tinguished or separated from each other physically and 
electrically. In “integrated circuits,” the components may 
be separated electrically but not physically (except in the 
case of some semiconductor devices), and in true “mole- 
cular electronics” a function is performed by a device with 
no individual parts distinguishable electrically or physically. 

Discrete Miniature Components. This category 
refers to the essentially one-for-one replacement of com- 
ponents with those of smaller size, using mounting and 
connecting methods which contribute further to the reduc- 
tion in size. The word “miniature” is used here because 
it is all-embracing and includes further ramifications of 
the approach such as “subminiature” and “microminiature.” 

Many of the recent advances in the miniaturization of 
discrete components are the result of the Army Signal Corps 
Micro-Module Program, whose goal is a ten-times reduction 
in size with no compromise in quality of performance. (2) 

The micromodule structure is an assembly of wafers, each 
containing one component. The wafers are 0.310 in. sq, 
with a thickness of about 0.010 in. They are interconnected 
by means of 12 wires attached around the peripheries of 
the wafers. The completed module (its length depends on 
the number of wafers needed to achieve the desired circuit 
function) is encapsulated to provide a solid compact body. (3) 

The wafers used in the Micro-Module Program are 
termed micro-elements and those developed so far include 
families of resistors, capacitors, inductors, transistors, diodes, 
and quartz crystals. One such micro-element is a resistor 
wafer which can contain as many as four individual re- 
sistances. It is made by the vacuum deposition of a film 
of nickel-chrome alloy on an alumina substrate. The notches 
in the edges of the wafer are hand-painted with silver for 
soldering to the interconnecting wires. Lines are cut in the 


————_——_———————Weee-Modules—Too Little Too Early? 
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in the future 


will continue to lag until some deliber 


deposited film to isolate one resistance from another on a 
wafer and to adjust the resistances to the desired values. 
There are various means of performing this last operation, 
including electron-beam and electric-probe etching. (4) 

An important factor in the Micro-Module Program is the 
work that has been carried on to adapt inductive elements 
to the concept. Precision transformers for 50-mc r-f circuits 
and 4.3-mc i-f circuits have been developed as well as 
general-purpose chokes for filtering. Inductive components 
present a problem since they are by nature three-dimensional 
and do not conform to the flat wafer principle. All of the 
inductors developed for this program are wound on cores 
of various types of ferrite materials and all use a toroidal 
form to minimize leakage and coupling to other elements. 

It will be noted, of course, that the Micro-Module Program 
and others like it are using thin films of a sort, and it was 
this original work done in the deposition of resistors that 
led to the more extensive work which is now being carried 
on in this area and which falls under our second category. 

While the current Micro-Module Program is concentrating 
on the miniaturization of components and the assembly of 
modules on an approximate one-to-one basis (the chief aim 
of the program is to achieve a manufacturing capability 
within a few years by application of known principles and 
techniques) the incorporation of solid-state multi-function 
devices has not been ruled out for the future. 

Another approach which falls basically in the first cate- 
gory is the Thermionic Integrated Micro Modules (TIMM) 
developed by General Electric. In these units, passive and 
active components are mounted on ceramic disks and rings 
which are assembled adjacent to each other in such a 
manner as to eliminate as much interconnecting wiring as 
possible. The active units contain no heaters. Initially, to 
begin operation, a small amount of heat is applied to the 





Applications ergineering tions in the extremely low power level 


region and are readily adaptable to 


Engineering Test Division ate action is taken to bridge this gap circuits having little power demand 
Flight and Engineering Test Group @ Size. The question of size as related Only infinitely small bits of material 
Wricut Ai Devetopment Division to such terms “microminiaturized are required to accomplish the job 


electronix 


moduie,” 


“micro-circuit,” Here, with the discovery of new mate 


“molecular circuitsy,” etc. is admittedly rials and advanced fabrication tech 


a hazy area and has not been defined 


WHat or tHE much publicized ad 
vanced electronic modules available on 
market today? The as 
transposition of such devices, fresh from 
the laboratory, to the black box poses 
new questions and problems for the 
equipment engineer. Can he directly 
integrate these modules into his design 
with any assurance that they will meet 
all his electronic and mechanical re 
quirements? Is he knowledgeable of 
their performance and reliability under 
severe environments? Does he have 


Some believe 
the commercial being 
think 


others 


ford Research 


degree must he and/or the manu- 
facturer re-engineer the module to meet 
all the necessary requirements? From 
these questions, it can be deduced 
that a partial if not total vacuum ex- 
ists, concerning application engineering, 
between the manufacturer and the 
equipment engineer. This situation has 
apparently resulted from almost total 
emphasis on future research programs 
with little consideration for the appli- 
cation of newly available modules to 
electronic systems one to five years 


plished 


————— eee 
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than 0.3 x 0.3 in. should be considered 
microminiaturized, 


molecular circuitry 
niques deserving 
Should a technique developed by Stan- 
Institute known as con 
trolled electron-beam micro-machining 
circuit elements will 
“electron thicknesses.” 


prove practical, 
be measured in 
Perhaps this then will truly be “micro- cubic 
The prefix “micro” 
to misunderstanding 
his choice of devices, and to what A true evaluation of reduction in size 


miniaturization.” 
meaningful test data to guide him in itself contributes 


should be measured in terms of the 
manner in which 
plished. Should a device capable of de such figures as 30 % 10° component 


microminiaturization, 
less of its final dimensions of 

Through developments in new mater 
ials and techniques, devices are now 
available to accomplish simple func- 


niques, reduced size is an added bonus 
modules no larger Is this “microminiaturization” as con- 
sidered in the first instance, or an en 
while tirely new science of electronics? Some 
solid-state and/or believe it is a new science and have 
are the only tech branded this new offspring “molectron 
of this distinction ics.” The highly publicized play on 
size becomes rather nebulous when all 
the influencing variables are considered 
A growing tendency, to circumvent a 
specific reference to size, is the use of 
the phrase “component-part density per 
foot,” and is rapidly becoming 
the “hallmark” of the industry. Again, 
as in size, there is no standard of com 
parison. Unless one considers his own 
peculiar requirements for power, cir 


it has been accom- cuit function and other related factors, 


livering five watts of power be “sweated parts per cubic foot become meaning 
down” to 1/100 of its former size and 
still deliver five watts under the same 
operating conditions, the designer could of circuitry in question. In an effort 
justifiably boast 


less. Such claims should be realistically 
analyzed regarding the type or types 


that he had accom to “get on the band wagon,” some 


regard- manufacturers quote fantastic figures 
component-part density. In many 
cases these figures pertain to a “classic 
example,” one which lends itself to a 


simple circuit such as flip-flop, ete 
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entire circuit. The passive and active components then 
generate enough heat to sustain tube operation with the 
circuitry enclosed in an insulated box. A side advantage 
claimed for these units is their resistance to the effects of 
either pulse or steady-state nuclear radiation. Component 
densities as high as 1,000,000 parts per cu ft have been 
achieved in making units such as two-stage cascade am- 
plifiers, multivibrators, and double three-input AND-oR cir- 
cuits. 
Integrated Circuits. There are two major subdivisions 
to be made under the category of integrated circuits: two- 
dimensional and three-dimensional. Here again, there is 
some overlapping; but, in general, two-dimensional devices 
are produced primarily by thin-film techniques and three- 
dimensional devices utilize the properties of semiconductor 
crystals. This distinction was made by H. A. Stone of the 
Bell Telephone Laboratories, who goes on to define them 
“The strength of the thin-film techniques lies 
in the fact that large groups of high-quality passive com- 
ponents and their interconnections can be made in a simple 
series of compatible operations. For general-purpose cir- 
cuitry this is indispensable. Their chief weakness is that 
active devices cannot yet be made as part of the same com- 
patible structure. I predict for 1970 that this problem will 
be overcome, and while the thin-film active devices may 


as follows: 


turn out to be very unlike transistors, they will perform 
some of the same functions. 

“In the semiconductor integrated circuits the importance 
of the active devices, the transistors and diodes, is stressed. 
Capacitor and resistor functions have been derived within 
the crystal which are quite satisfactory for the applications 
for which they have been intended. But the challenge re- 
mains to match the precision, stability and reliability that 
can be achieved with conventional passive components. It 


and one which utilizes the advantages 
of that manufacturer's particular tech- for connecting the 


employ a special wire wrapping tool 


external wires to 


seems clear that the integrated semiconductor devices will 
make their earliest contributions in switching networks, such 
as flip-flops and gates, where the demands on the passive 
components are light and the total numbers of electrical 
functions per network are small.” (5) 

Thin Films (Two-dimensional). A few examples of thin- 
film techniques will serve to clarify the category. One is 
the “2D” microminiature components developed by the 
Diamond Ordnance Fuze Lazoratories and described in this 
magazine extensively in a recent article. (6) 

International Resistance Company calls its thin-film inte- 
grated elements “mu-circuits.” Resistors, capacitors, and 
connections are deposited on glass or ceramic substrates. 
Standard miniature semiconductor diodes and_ transistors 
are mounted on the elements after the deposition of the 
passive elements. An essential part of the development of 
these units has been a program to evaluate the reliability 
and repeatability of the deposited components. The sta- 
bility of resistance patterns, for instance, depends upon 
both the film resistivity and the amount of power dissipated 
per unit area of the film. The value of resistance is de- 
termined by the geometry of the film and its resistivity. To 
obtain a 1500-ohm resistor, a 1000-ohm per square film may 
be deposited with a length-to-width ratio of 1.5 to 1 or a 
300-ohm per square film may be deposited with dimensions 
of 5 to 1. The actual minimum area of the resistor is de- 
termined by the amount of power that must be dissipated. 

Evaporation of the material to be deposited in these 
units is most commonly achieved by resistance heating of 
a filament on which the evaporant has been plated or 
melted or by resistance heating of a boat containing the 
evaporant. In some cases, however, it is preferable to avoid 
the resistance heating method because of possible con- 
tamination from the filament or boat material. Alternative 


necessary, therefore, to dissipate 0.5 
watt with a maximum module internal 





nique to the greatest degree. Manufa 
turers who will commit themselves by 
providing the electronic designer with 
packaged cir- 
cuits at specified power levels with 


pre engineered densely 


guaranteed performance are few. The 
majority of manufacturers prefers cus 
tom-building modules coincident with 
the development of the system. In this 
instance, the equipment designer initial 
ly has simply bought a packaging tech- 
nique, the final performance of which 
may or may not serve his ultimate 
purpose 

@ Logistics. One of the advantages 
prompting the use of electronic modules 
is that they may be thrown away and 
found 
therefore the maintenance of equip 
ments using these devices can be ac- 
complished by unskilled personnel in 
the field. Such a scheme would provide 


replaced when defective and 


combat readiness for the system and 
simplify the logistical problem. A mod 
ule of this nature would by compul- 
sion have to be a simple, idiot-proof, 
plug-in unit. Microminiaturized modules 
by comparison present problems of a 
more complex nature. Difficulty in ob- 
reliable connections between 
the module and external § circuitry, 
even in modules scarcely considered 
to be microminiaturized, is already be 
ing encountered. One approach is to 


taining 
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the maze of pins emanating from the 
module. These connections must be 
made with precision and care in order 
to avoid breaking wires or pins. 

Another mvthod is to solder the 
module leads to a mating printed-wir- 
ing board, a relatively difficult proce 
dure. At best these procedures would 
hardly support the “throw-away” phi- 
losophy via maintenance by unskilled 
personnel in the field. Connectors are 
considered by many as one of the more 
unreliable components of the circuit. 
Were the connector made small enough 
to prevent dwarfing the module, means 
of terminating wires at the connector 
would present the same problems as 
those common to the module. In addi- 
tion, the doubtful reliability of the 
connector remains a problem. 

e@ Heat Problems. Ambitious plans 
for minimizing size and weight can be 
compromised and oftentimes defeated 
by cooling requirements discovered too 
late. Results of a study accomplished 
by RCA in the development of a bin- 
ary divider “micromodule” for the 
Signal Corps indicates the subtlety of 
the problem in heat dissipation. The 
power dissipated in heat in this module 
approached 0.5 watt. The maximum 
allowable junction temperature of the 
transistor was 100 C, and the maximum 
operating ambient was 85 C. It was 


temperature rise of 15 C. It was found 
that an unmounted module with no 
heat sink could dissipate approximately 
0.074 watt for a 15 deg C rise. As a 
result, it was necessary to provide a 
proper heat sink to dissipate 0.5 watt 
for this rise. Again, heat-generating 
components, no matter how seemingly 
unimportant, should not be _ totally 
ignored. Requirements for cooling 
should be considered early in the plan- 
ning stage. Cold plates, plenums, and 
air-circulating equipment can easily dis- 
count the advantages anticipated by 
striving for small size. 

@ Reliability. Statements published in 
various company articles indicate that 
the reliability of these devices will far 
surpass that of present-day electronic 
component parts. It is genuinely hoped 
that these statements are based on fact 
rather than supposition. However, so 
far as can be learned, very little funds 
are being expended for reliability 
studies and determining failure mech- 
anisms for microminiaturized modules. 
Company scribes herald the fact that 
now, for the first time, equipment en- 
gineers can afford the luxury of cir- 
cuit redundancy where reliability is of 
prime importance. Caution should be 
observed in employing this philosophy, 
howeyer, lest redundancy be used as a 
crutch for reliability. 
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terial on one side of a substrate of high dielectric constant 
and a film of resistance material on the other side, a dis- 
tributed RC network is obtained which can be used to per- 
form the same function as a large number of standard 
components. 

In developing their microcircuit elements, has 
analyzed and designed the circuits by specifying the desired 
transfer or describing function. The relationship between 
the input and output of each is used to monitor 
and control the arrangement of deposited materials until 
the exact performance required is obtained. This concept 
would appear to be a prime requisite of any design which 
even begins to approach the integrated circuit idea. If the 
transfer function of a device cannot be controlled during 


Varo 


dev ice 


its manufacture and measured after its completion, and par- 
ticularly if the same transfer function cannot be repeated in 
a second device, the device and process cannot be considered 
practicable. 

The substrate material used by Varo is barium titanate, 
with a special additive having a dielectric constant of ap- 
2000 and a reasonably small temperature co- 

the range from 55 to +200 C. A. 
thickness of 12 mils is used for capacitance 
ments and semiconductor embedment. Nichrome is used for 
resistive films. Effort has been expended in analyzing stand- 
removing them from their cases, as- 
sembling them in a microcircuit, and providing a protective 


proximately 


efheient over sub- 


strate require- 


ard transistor types, 
coating. While this procedure has been somewhat successful, 
initiated with Fairchild 
Semiconductor Corp. to 
which 


microcircuit 


been 
Pacific 
diode 


cooperative programs have 


Semiconductor Corp. and 


develop transistor and devices, respectively, 


he 


con ept. 


will in a form more compatible with the 

In the design of the circuits of the microcircuit devices, 
an effort is made to eliminate inductive components and to 
limit values of capacitance to less than 0.05 yf and values 
less than 20,000 

A typical microcircuit device is a unit 1 in. sq by 80 mils 
thick, in which four high-speed flip-flop circuits, modified 
to perform as binary dividers, have been fabricated. 

The evaporated film process used by IBM 4s shown in Fig 
2. This is a 17-layer or 


tor dev wes are 


of resistance ohms. 


Conventional semiconduc- 
used by IBM. but they have 


announced an extensive development program on 


circuit. 
currently being 
recently 
a process* which shows promise for obtaining deposited 
semiconductor films which will be compatible with the de- 
posited passive elements and which will do much to decrease 
size and reduce interconnection and packaging problems. 
In the process, iodine vapor combines with a semiconductor 
(silicon and germanium are both being used) at a high 
at quartz tube. As the vapor 
moves to a cooler portion of the tube, the semiconductor is 
deposited on a suitable crystal seed. By placing two differ- 
ent semiconductors in opposite ends of the tube with the 
seed in the middle, layers may be deposited to form junction 
Selected be introduced during the 
doping of the semiconductor. Devices 
which have been fabricated by this method include simple 
and Esaki 


(both singly and in arrays) and transistors. 


temperature one end of a 


devices. impurities can 


process to provide 
diodes, variable capacity diodes tunnel diodes 
In addition to 
using these thin-film semiconductors with thin-film passive 
units, IBM is investigating the possibility of depositing com- 
plete circuits using the single process. 

It is fairly from the programs described, that 
most of the current work in two-dimensional integrated cir- 
cuits is proceeding along the lines of a combination of thin 
films and standard semiconductor devices, the latter being 
made as small as possible. (CBS Electronics and Sylvania 
Electric Products are other companies which are pursuing 
this same general approach.) The “ ” and 


“Vapor Growth of Semiconductors,” 
August 1960, p 11. 


evident, 


micro-diodes “micro- 


* See 


Research Note, Exacrarcan Manv- 
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Fig. 1— Alloy-junction transistor wafer mounted in ceramic 
plate. [Source: Cited Reference (9).) 


means of heating include infrared radiation and electron 
bombardment. Another new technique finding increased 
usage in deposition is to ionize the material to be deposited. 
Electrostatic and magnetic fields are used to focus and 
control the ionized material. The beam thus created can 
then be deposited on a substrate without the use of masks. 

At IRC the next step is the deposition of semiconductor 


elements. Initial investigation is being conducted on ger- 


manium films with work on other materials to follow. (7, 8) 
The “microcircuit” development program at Sprague 


Electric Co. is based on the use of a ceramic substrate 
which also serves as the dielectric for capacitors, with 
composition carbon resistors screened on. Here, as in other 
programs, however, conventionally semiconductors 
are being used and development work is underway to 


eliminate the individual cases. The method currently under 


‘ ased 


investigation consists of mounting the semiconductor ele- 
ment in a ceramic substrate (Fig. 1). An insulating potting 
material is used to hold the semiconductor wafer rigidly 
in place and to achieve a flat form factor without the 
danger of short-circuiting the connections to the crystal 





H. A. STONE invention will never be too far removed will be fairly well shaken down by 
Bert Tecernone Laporatortes, Inc. from its mother, necessity. If we look 1970, I don't think for a minute that 
Murray Hill, N. J. at the necessity a high ratio of the conventional component will have 


«peed to power in computers, we will 


find the Esaki 


Extracted from an invited paper delit Esaki 
ered at the 1960 Electronic Components 
Conference, Washington, D.C.) 


triode; we 


we will find new 


The necessity for new sources of power too. as some of the papers at this meet 
THE FUNCTIONAL DEVICE exploits our ind power conversion 


ability to perform electronic functions 


by direct applic ation of the funda the Seebeck effect, 


mental properties of matter. The ele- before 1970, by 
mentary building blocks of impedazce 
from which we laboriously build up our We are 
electronic circuits will, increasingly, be 


replac ed by new ¢ omponents which, 


while physically simple, will be the the ones we have 


schematic equivalents of complex net 


works. bath, a short time ago a novelty and of as being a replacement for the 
A few functional devices have been now a familiar tool in the laboratory, vacuum tube. We note now that in spite 
in use for many years, although we will provide a standard working en of its obsolescence, the vacuum tube is 
haven't dignified them by that name. vironment in the field, not only for selling at over 800 million dollars a 
For example, the piezoelectric crystal, masers and superconducting devices year 
as a filter element, is equivalent to an which must have the cold, but for other Let us also be warned that while the 
assembly of coils and capacitors, but components whose performance and need for new devices is urgent, it is 
there is nowhere within the crystal that reliability will be enhanced by it. At not so urgent that we can afford to 


you can point and say “this part is a 
coil,” or “that part is a capacitor.” 


In 1970, I suspect that functional de- ics will be bringing forth some really 


vices will be the rule rather than the 
exception. ... 

Functional devices are always based 
on new invention and, while it is hard 
to predict accurately where the break- 
throughs will come, it is a safe bet that 
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The Components of 1970 


diode, and later the 
will 
nings of superconducting film logic, and will still be very much in evidence 
transistor structures 


improved solar cells, devices based on able to suppose that either integrated 
and I am sure, 
other ingenious ap- 
plications of fundamental principle 

running the gamut of the they are, there will continue to be areas 
temperature spectrum to find new fun¢ 
tional devices and better ways to use ing types of components 


on a limb if I predict that the helium 


the other end of the temperature scale 
our present gropings into plasma phys- 


hot device contributions. . .. the area of thin-film circuits, where a 

The year 1970 may seem remote, but 
in terms of the evolution of electronics, ise you that there will be no market 
it is not really so very far away. While 
I believe that most of the things I have 
been talking about will be in use and with that of available separate units 





surface. Work to date has been concentrated on ger- 
manium alloy-junction transistors because of their ready 
availability, relatively high mechanical strength, and flexi- 
bility of construction. Connections have been made with 
conducting pastes cured at low temperatures, with soldered 
wires, or with evaporated electrodes. (9) 

Another concern working on vacuum deposition is the 
Varo Manufacturing Co. Its program of development is 
called “microcircuitry” and its aims are essentially the same 
as those of many others: 


(1) The ultimate microminiaturization to result from the func 
tional usage of each atom of the fabricated device and the elim 
ination of all superfluous material 

(2) The highest degree of reliability to result from the optimum 
utilization of the fundamental properties of :zatter and the elim 
ination of human factors such as connection and assembly opera 
tions 


(3) The minimum cost of design, fabrication and use of micro 


circuitry devices to result from the transfer-function approach to 
lesign, the complete automation of manufacture proceeding di 
rectly from relatively inexpensive raw materials to the function 
ing device, and establishment of the throw-away concept as more 
economically practical than that previously imagined to be pos 


sible. (10 


The program is being carried out under the sponsorship 
of the Office of Naval Research. 

Varo's first approach to achieving these goals was con 
sidered to be the vacuum deposition of thin films of the 
various materials required to provide the functional ele 
tronic circuit parameters. So far, the investigation has been 
concerned with the deposition of conductive, resistive, di 
electric, magnetic and semiconductor materials. Particular 
emphasis has been put on the advantages of distributed RC, 


LC, etc. networks. By depositing a film of conducting ma 
































had its day 
1s a prophet that the familiar forms of 


I will stake my reputation 


find the begin resistors, capacitors and transformers 


There will be improvements in these, 
will be met by ing will attest. It would be unreason 


circuits or functional devices are always 
going to appear as exact equivalents of 
existing circuitry However valuable 
where it is more practical to use exist 
Remember 
won't be far out when the transistor was introduced a 


dozen years ago, it was carelessly talked 


ignore the standards in performance and 
reliability that have been set by the 
traditional components. Especially in 
direct comparison can be made, I prom 


unless the quality of the integrated 
capacitors and resistors can compete 
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Excitation Requirements for 


ilicon Controlled Rectifiers 





As in all controlled rectification schemes 
(including those involving thyratrons and 
ignitrons), the characteristics of the silicon 
controlled rectifier require certain additions 
and adjustments to the circuit to assure 
proper operation. Analogies to the charac- 
teristics and circuits of the gas-filled tubes 
are helpful in applying the newer semicon- 


ductor devices. 


E. E. MOYER, Pirector 
Research and Development 
Power Sources Division 
C.. ano D. Barreny Co. 
Pennsburg, Pennsylvania 


A. SCHMIDT, JR., Consultant 
Acme Execraic Corp. 
Cuba, New York 


THE ADDITION OF A control element to silicon diodes has 
greatly increased the scope of semiconductor rectifier 
applications. The silicon controlled rectifier (SCR) is 
replacing thyratrons and ignitrons in many controlled 
rectifier equipments, including adjustable voltage recti- 
fiers, inverters, frequency changers, etc. The SCR is 
particularly useful in low-voltage, high-current applica- 
tions where high arc-drop voltage makes thyratrons and 
ignitrons impractical. Because of the nature of its excita- 
tion requirements, it makes possible controlled rectifier 
regulating systems having speeds of response and ac- 
curacies an order of magnitude greater than magnetic- 
amplifier excitation systems, 
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Recent advances have also been made in the design 
of regular transistors to carry relatively large amounts 
of power. However, at the present time, the use of these 
transistors is still limited by the relatively low voltage 
and current ratings and by the comparatively large 
amounts of power needed for the control element. For 
example, in many silicon power transistors, as much as 
1, amp of base-to-emitter current may be required to 
sustain conduction of 5 amp of collector current. On the 
other hand, in the SCR, as little as 50 ma may be sufh- 
cient to trigger hundreds of amperes of anode current. 
Also, the higher voltage ratings of SCR’s and reasonably 
high current ratings (with the probability of higher 
current ratings to come) make this device a very promis- 
ing element in the power control field. 

Anode Current Ratings. Unlike gaseous discharge 
devices, in which the voltage drop during conduction is 
nearly constant, the voltage drop across semiconductors 
varies considerably with current. Thus, the anode cur- 
rent rating of gaseous discharge devices is virtually in- 
dependent of wave form, while the rating of semiconduc- 
tors must be stated for each specific circuit in which they 
may be used. As a result, semiconductor rectifiers have 
higher ratings in circuits with long conducting periods 
than in circuits with short conducting periods. 

For pulse durations of less than 1% cycle of a 60-cycle 
wave, the current capability of semiconductors is limited 
by the peak current and the duration of current flow. 
This is expressed by most manufacturers as a surge cur- 
rent rating applying to conduction for one half cycle. 
Circuit design must therefore include some means of 
limiting peak fault currents so that this value is not ex- 
ceeded. Current-limiting reactors, fuses, or high-speed 
circuit breakers are used for this purpose. (J, 2)* In 
addition to the surge current rating, some manufacturers 
state an /*t rating which is applicable for very short 
pulses. 


The practical limit of average current rating for today’s 





* Ttal numerals in parentheses refer to Cited References at end of article 


127 








transistors” (the latter were introduced only this spring) of 
Pacific Semiconductors are typical of the “smaller-than- 
small” units which are being used for practical, current pur- 
poses. There is nothing wrong, of course, with this approach. 
Many leaders in the field contend that, for at least the next 
five years, the approach yields all that can be expected (or, 
in some cases, even desired) as far as miniaturization is con- 
cerned. 

Semiconductors (Three-dimensional). The three-dimen- 
sional or semiconductor-based integrated circuit is best ex- 
emplified by the “solid circuits” developed by Texas Instru- 
ments. The process consists of the selection and shaping of 
conduction paths upon and through a semiconductor wafer. 
By diffusion, metallic evaporation, alloying, and chemical 
forming, the semiconductor wafer can be made to perform 
the function of a complete circuit. Resistances are obtained 
by using the bulk resistance of the semiconductor material, 
the size and shape of the material determining the resistance 
value. Capacitors are formed by utilizing the capacitance of a 
large-area p-n junction. Transistors and diodes are formed 
by diffusion techniques. A multivibrator which is equivalent 
to a circuit composed of 8 resistors, 2 capacitors, and 2 
transistors made by this process has dimensions of about 
14 x 44 x 1/32 in. and its equivalent component density 
is about 30 million parts per cu ft. Selected circuits of this 
type are available in pilot production. (1/) 

Molecular Electronics. The third category to be con- 
sidered in connection with microelectronics is elusive, al- 
though there can be no doubt as to the definition of the 
term. It is actually only a part of the much wider technology, 
molecular engineering, and the latter is quite generally 
defined as the application of molecular science to the 
design and development of materials and devices of pre 
scribed characteristics (and molecular science is the study 
of and insight into the elementary constituents of matter 
in action).(J2) “Molecular electronics,” then, would be the 
extension, or, strange as the juxtaposition of words may be 
the confinement, of this application to the design and de- 


velopment of devices for electronic purposes.’ It is perhaps 


See “Molecular Electronice—-The Part or the Whole?” Plus r Minus, 


Ececraicat Manuracrusimnc August 1960, p 14 
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unfortunate that the term molecular electronics ever came 
into being, since it is only a derivative of its parent and 
there has been such widespread disagreement as to what 
actually constitutes a engineered electronic 
device and what does not. 

The term gained widespread significance about a year 
and a half ago when it was used by the U. S. Air Force 
to describe research efforts which they were (and are) back- 
ing to find a way to reduce the size and weight of electronic 
equipment. At that time, molecular electronics was defined 
as “the synthesis of matter with predetermined electronic 
properties such that, under a particular stimulus, the matter 
exhibits complex and complete electronic functions previ- 
ously performed by distinctive combinations of active and 


molecularly 


passive components.” They went on to describe a “functional 
electronic block” as 
forms such a function.” On this basis, the Air Force has 
sponsored work with Westinghouse and Texas Instruments 
to develop functional electronic blocks. (13) 

In this article, we have classified solid-state circuits such 
as those developed by Texas Instruments under three-di- 


“a molecular electronic item that per 


mensional integrated devices. This seems to be logical since 
the concept is one of utilizing the macroscopic properties of 
a material to perform a function rather than shaping the 
predictable microscopic properties of a material to achieve 
such an end. It is for this same reason that thin-film tech- 
niques, which many refer to as molecular electronics, cannot 
truly be classified as such. 

As a result of the work done at Westinghouse, eight 
classes of functional blocks have been developed to demon 
strate the feasibility of molecular electronics. To date, little 
has been published with regard to the exact nature of these 
units. An outgrowth of the Westinghouse work has been 


development of the dendrite process of forming semi 
conductor crystals. This, however, is a “materials” technique 
which will be useful in future work in molecular electronics, 
although it cannot be classified as such itself. 

There can be no doubt as to the importance of molecularly 
engineered electronic (functional) devices for the future 
At this time, however, the only existing device which can 


truly be called such is the maser. 
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resistor, while others use negative gate biasing, forcibly 
producing a negative current in the gate circuit. 

When the firing of an SCR is by a pulse, a specified 
current and voltage for a specified time duration are re- 
quired. Generally speaking, for shorter pulses, the pulse 
amplitude must be increased. However, there is a mini- 
mum pulse time required. For short-duration pulses, if 
the SCR is to remain conductive, the circuit constants 
must allow the anode current to build up to a value in 
excess of the holding-current value before the effects of 
the pulse have disappeared. 

After the beginning of a pulse of gate-current excita- 
tion, there is a slight delay (t,) before anode conduction 
begins. The delay time decreases as the amplitude of 
the gate current pulse is increased, but it approaches 
a specified minimum for gate-current pulses above a 
certain amount. 

In addition to the initial delay before the anode cur 
rent begins, it takes a certain amount of time for the 
anode current to come up to full value (or 90 per cent) 
once it begins. This is the “rise time,” t,. The rise time 
depends on the nature of the load, but for purely resistive 
loads, when it is a function of the SCR switching char- 
acteristic, tf, usually decreases as the anode voltage is 
increased or the load current is decreased, except that 
at low values of anode current, t, tends to increase again. 
At very low current levels the rise time may be minimized 
by connecting a small capacitor from anode to cathode. 
The sudden discharge of this capacitor, upon firing of 
the SCR, probably produces a pulse of current of sufh- 
cient magnitude and duration to bring the rise time back 
into the minimum region associated with higher current 
values. Figure 3 shows the turn-on characteristics of a 
typical SCR. 

Silicon controlled rectifiers also have turn-off char- 
acteristics. This is concerned with the de-ionization 
by which the SCR shuts off at the end of conduction and 
which allows the gate to regain control of the re-starting 
process, The conditions under which the gate can turn 
off the anode directly are not practicable for general use. 

To accomplish turn-off, it is necessary that the anode 
voltage be reduced to zero or made negative for short 
intervals of time, t.. This time is a function of junction 
temperature (as the temperature increases, so does the 
required time); of the magnitude of load current just 
before current zero, which is related to rate of decay of 
current (as the rate of decay increases, the time in- 
; of the inverse voltage and its rate of application 
of gate-circuit 


creases } 
(as the rate increases, the time increases) ; 
impedance during application of inverse voltage (as the 
impedance is reduced, the time is reduced, probably due 
and of the rate of rise of for- 
ward voltage after the inverse voltage period (as the rate 


to more rapid cleanup) : 


increases, the time increases). Figure 4 shows the turn- 
off characteristics of a typic al SCR. These curves indi- 
cate that as long as the inverse voltage does not reach 
a forward value (when rising from a negative one) at a 
rate faster than that represented by the slope marked 
“]1 volts /usec,” the gate can be expected to regain con 
trol. Since the limiting slope is a function of junction 
temperature, the highest temperature condition limits the 
circuit behavior 

Series and Parallel Operation. Due to load con 
ditions, it is often necessary to connect two or more 


rectifiers in series and/or parallel. When they are con 


\ Blocking voltage = 100 volts 
i" - Gate current pulse = |00 ma 


ate signal rise time = 20 wsec 
Junction temp. = 30 © 
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nected in series, they may not share the inverse voltage 
equally because of unequal leakage-current values. When 
connected in parallel, unequal cell characteristics and /o1 


unequal connection impedances may lead te current un 
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silicon diodes is between 150 and 250 amp, whereas the 
comparable rating of commercially available SCR’s is 
only about 50 amp. (3) Silicon controlled rectifiers also 
nave a minimum anode current below which extinction 
takes place in the absence of an auxiliary source of 
cathode excitation. In most cases, this minimum holding 
current (/,,) is less than 0.05 amp. If a lower value of 
anode current is desired, the gate may be used as a 
source of excitation. 

Anode Voltage Ratings. The peak inverse voltage 
experienced by a rectifier may be considerably higher 
than the theoretical value normally expected of any one 
circuit configuration. This may be due to variations in 
line voltage or to transients caused by d-c load switch- 
ing. line disturbances, etc. The magnitude of the latter 
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silicon controlled rectifier, showing maximum to minimum 


Range of gate volt vs amp characteristics for a typical 


variations between units of a given type and the effects of 
Editor's Note: this figure and Fig. 3 are 
taken from the General Electric “Controlled Rectifier Manual,” 
ECG 442 3/60 
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may vary appreciably with specific applications so that 
it is customary to reduce the manufacturer's piv rating 
by a factor of 3 for most applications. In some specific 
cases, a higher or lower factor may be applied. Commer- 
cial silicon diodes are available with piv ratings up to 
1000 volts per single cell or junction. The maximum piv 
rating of commercially available SCR’s is 400 volts. 

The breakover voltage rating (Vg.) for an SCR is 
che voltage at which control is lost in the forward direc- 
tion. In most cases this rating is the same as the piv. 
Since a ratio of approximately 3 between rated and 
actual piv is needed for typical applications, a portion 
of the inverse voltage capability may be supplied in the 
form of a diode in series with the anode of an SCR. The 
amount of phase control and the V yo value of the SCR 
determine the extent to which this can be done. The V x 
and piv ratings may also be affected by the gate excita- 
tion conditions. 

Gate Characteristics. There are both minimum (or 
threshold) and maximum (or damage) values for gate 
excitation voltage and current, depending on cell temper- 
ature, anode voltage and anode current. Figure 1 shows 
the minimum-to-maximum range of gate volt-amperes 
required to fire a typical SCR. The spread between 
curves A and B defines a region within which the gate- 
to-cathode characteristics of a given celi may reasonably 
fall. It will be noted that the gate current required to 
fire the SCR decreases as the junction temperature in 
creases, much the same as the negative grid voltage 
necessary to prevent conduction in a mercury-vapor 
thyratron increases as the temperature of the vapor is 
increased. Generally, there is a slight decrease in the 
gate current required for firing when the anode-to-cathode 
voltage is increased. It is desirable to fire SCR’s with a 
steep wave front on the firing impulse whenever precise 
timing or phase control is necessary in the presence of 
these variable characteristics. 

Several limitations are imposed on the signal applied 
to the gate of an SCR to prevent permanent damage to 
its characteristics. For example, the peak positive voltage 
between gate and cathode is specified along with the 
corresponding peak gate current and peak gate power 
dissipation. Also, the gate should never be allowed to 
drop more than a certain specified amount in a negative 
sense relative to the cathode. 

It is sometimes necessary to connect a “clamping” 
diode between the gate and the cathode [Fig. 2(a)] to 
fix a maximum negative voltage for the SCR gate. There 
is also a requirement that the gate voltage should not 
be allowed to be more than a specified amount positive 
when inverse voltage is applied to the anode. The addi 
tion of another diode and a resistor [ Fig. 2(b)] between 
the gate and the anode provides a solution to this re 
quirement. 

A final requirement with regard to the gate circuit is 
that there is a maximum zero-signal voltage, variable 
with temperature which can be applied to the gate with 
out causing the SCR to fire 


whi h produc ‘ 


Hence those firing circuits 
a small current at zero signal (such as 
saturable reactors) must have a resistor connected across 
their output and the resistor must be small enough to 
develop a voltage across the gate which is less than the 


minimum voltage required for firing at the highest « per 


item temperature of the SCR. Some circuits evidenth 
rel m the leakage current of a gate clamping diode + 
t as this ste-to-cathode resistor in the absence f «a 
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Fig. 5 — Paralleling reactors placed in cathode leads of SCR’s 
to indace simultaneous excitation to gates. 
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Fig. 6— Leakage reactance between two secondary windings 
used to produce parallel operation of rectifiers. 





Fig. 7 — Use of resistors and capacitors to equalize distribution 
of inverse voltage when rectifiers are operated in series. 








balance. It is therefore necessary to use some means of 
balancing the inverse voltages and the currents. 

When SCR’s are to be paralleled, it is not only neces- 
sary to force parallel operation of the anode-to-cathode 
circuits, once conduction has started, but it is also most 
necessary to initiate conduction simultaneously in all of 
the paralleled anodes. With thyratrons, it has been pos- 
sible to connect the paralleling reactors in the cathode 
leads, rather than in the anode leads, thereby forcing 
parallel firing of the grid circuits as well as a parallel 
conduction of the anodes. With some forethought con- 
cerning possible transient voltages and their suppression, 
it should be possible to extend this scheme to SCR’s as 
shown in Fig. 5. 

Figure 6 shows another scheme which has been used 
to parallel two rectifying elements by taking advantage 
of leakage reactance between two secondary windings per 
phase of an anode transformer. Each secondary winding 
is exposed to half of the total primary winding. Thus, 
when one secondary is loaded and the other is not, the 
voltage drops on the loaded section and increases on the 
unloaded section to initiate simultaneous firing as well 
as to equalize currents during subsequent conduction. 
A multiplicity of rectifiers fed from a multiplicity of 
windings is not so effective in paralleling because the 
increment of voltage necessary to force a hesitant anode 
into conduction is proportionately less than with just 
two anodes. 

Figure 7 shows at (a) a means of using a resistor in 
parallel with each cell to force a division of inverse 
voltage between three series-connected rectifiers. Data 
for obtaining the proper values for these resistors are 
available. (4) Since it is particularly important that 
voltage division be assured when there are steep rates of 
change of initial inverse voltage, it may be necessary to 
add shunting capacitors as shown at (b). Experience with 
the grid control of hot-cathode thyratron tubes has 
shown, however, that capacitors should not be connected 
directly from anode to cathode because, at the instant of 
firing, a high-magnitude, short-duration discharge cur- 
rent furnished by the capacitor may greatly exceed the 
transient emission capabilities of the rectifier. Hence, it 
is suggested that a small current-limiting resistance (a 
few ohms should suffice) be connected in series with each 
capacitor as shown at (c) in Fig. 7. 

In addition to equalizing the voltage between SCR’s 
connected in series, there is also the problem of firing 
them all simultaneously when each gate-to-cathode circuit 
is at a different potential. Excitation of each gate circuit 
from a separate secondary winding of a pulse transformer 
is recommended as an easy solution. (4) It is very difh- 
cult to couple the firing impulses directly to all of the 
interconnected gate circuits, although this is said to have 
been done in the case of transistors. (5) 

Phase Control. Control of the phase of the gate 
firing signal is usually accomplished through a servo 
network which maintains a pre-determined value of some 
output quantity such as voltage current, speed, etc. Con- 
stant-voltage rectifiers, where compensation for inherent 
regulation only is needed, require a relatively small angle 
of gate phase adjustment (30 to 40 electrical degrees). 
Variable-speed motor control, where the motor must be 
started from rest under controlled current conditions, 
may require 120 to 150 deg of phase control, depending 
on the circuit used. Inverter applications involving re- 
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versing drives may require a similar amount of control. 
In all cases, the means used should operate to fire all 
SCR’s at the same phase angle with respect to each of 
the rectifier phases. Otherwise the loads on the cells will 
be unbalanced and the performance of the load device 
may be impaired. The designer may find it possible to 
adapt to SCR circuits the many phase-shifting networks 
which are customarily used with thyratrons and igni- 
trons. (6, 7) 

Transient Phenomena. The operation of a rectifier 
may be likened to a series of repeated transients (8) 
having a frequency equal to the product of the line 
frequency and the number of phases. On top of these 
transients is superimposed another class of transients 
due to the collapse and sudden rise of anode voltage at 
the beginning and end of anode conduction in controlled 
rectifiers. These steep wavefronts lead to transients of 
fairly high frequency in the power circuits themselves. 
Since the excitation circuit must not be influenced by 
these transients, the gate circuits should not be taken 
directly from the anode connections of the anode wind- 
ings or from another winding on this same core, but 
rather from the supply to the primary of the power trans- 
former so that the reactance of the anode transformer 
is interposed between gate and anode sources. This also 
means that the gate-to-cathode circuit should not be of 
such high impedance that the inter-electrode capacitance 
between anode and gate allows transients in the anode 
voltage to influence that gate potential. A separate capaci- 
tance, connected between the gate and cathode of the 
SCR, is recommended. (4, 9) It is also possible that 
some means of suppressing these voltage transients to 
avoid radio noise interference will be necessary. (6) 

Multiple Circuits. Certain types of rectifier circuits 
have two or more groups of anodes which commutate 
among themselves, the groups being operated in parallel 
through an interphase transformer. The six-phase, double- 
wye circuit is the most familiar of these. Current un- 
balance between the commutating groups leads to even 
harmonics in the input current. Cases have been observed 
where the excitation circuit has compounded the un- 
balance because of the adverse direction of phase-angle 
change caused by even-harmonic voltages. The designer 
must ascertain that, if there are even harmonic voltages 
present, the excitation circuit will not be affected in a 
manner to aggravate the unbalance. 

In one instance of double-wye operation of a grid-con- 
trolled rectifier, where an a-c plus d-c grid control was 
applied to a small thyratron which fired a larger (100 
amp) thyratron, it was advisable to utilize the grid-phase 
control circuit to force a current balance between the 
two wye groups. This was accomplished by using anode 
current transformers in each anode lead, grouping them 
in the two wye groups of three each and rectifying the 
secondary outputs to produce two d-c signals propor- 
tional to wye currents. The two signals were then cross- 
connected to the neutral return leads of the two wye- 
connected secondaries of the grid transformers so that an 
increase in one wye current over that of the other would 
retard the phase of the group having excess current and 
advance the phase of the other. This scheme might be 
used to advantage in SCR circuits also. 

Double-Way Circuits. In double-way circuits, two 
rectifier elements conduct simultaneously, the commuta- 
tion of two of one group occurring in the middle of the 
conduction period of one of the other group so that, in 
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normal operation, no two start simultaneously. lf SCR’s © 
are used as the rectifying element and they are con- 
trolled so as to adjust the output voltage, means must 
be provided for simultaneous excitation of the gate cir- 
cuits of one element in each wye group to get conduction 
started from a condition of no load. 

In these circuits, one wye group of three SCR’s (the 
positive-potential group) will have a common cathode 
connection and the other group will have separate 
cathode connections. In all probability this will make it 
advantageous to use transformer-coupled excitation (sepa- 
rate secondary windings on a common transformer) to 
each SCR. However, a single sharp pulse of excitation to 
each SCR in proper sequence, each pulse 60 electrical 
deg apart, will not suffice for the starting requirement 
that pairs of SCR’s be fired simultaneously. 

In ignitron circuits, if the excitation is a sharp impulse, 
an auxiliary anode circuit is used to pick up a holding 
anode with a sufficient conducting period to encompass 
all intermediate, successive, and repetitive firing require- 
ments of the particular anode circuit. There is no equiva- 
lent of an auxiliary anode in SCR’s, so the gate circuit 
must either be fired with an impulse wherever needed— 
which is somewhat impractical—or it must be fired 
continuously over a time interval sufficient to meet all 
requirements of anode conduction. In this event, the gate 
voltage should not be positive when inverse voltage is 
applied to the anode because this increases the leakage 
current in an amount substantially proportional to the 
gate current. (4, 9) 

There may also be another problem brought about 
during severe overloads when the anode conducting 
period extends so long as to involve commutations with 
the other two phases and the normal firing of the incom- 
ing diametric anode is delayed until the outgoing anode 
is extinguished. The incoming anode must then be capa- 
ble of being fired anywhere within a band of firing 
points. ooo 
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CORROSION PHENOMENA take an annual toll of in- 
numerable physical and electrical structures. The 
economic loss attributable to corrosive degradations 
is about four billion dollars every year. An insight 
into the forces of corrosion and foresight in materials 
choices and design could redyce this enormous loss. 
On the opposite page, Mr. Barkan develops the cur- 
rent thoughts on the electro-chemistry of corrosion 
and suggests techniques for minimizing its destruc- 
tiveness. 

A metal surface is a complex of crystal faces, edges, 
corners, boundaries and disturbed layers. The proper- 
ties of a surface are a composite of many types of 
micro-structures. To understand the behavior of a 
metal or a group of metals in proximity to each other, 
the properties of these different surface structures 
should be comprehended. Although it is frequently 
impossible to predict the crystalline face which, under 
a given set of conditions, will be most resistant to 
corrosion, a knowledge of the principles and experi- 
mental facts bearing on crystal effects helps to bring 
about a better understanding of the corrosion mech- 
anisms. 

Since solid metallic substances do not volatilize to 
any noticeable extent, and the speed with which they 
dissolve in reactive media depends on the surfaces 
which they present to the reagents, the corrosive reac- 
tions in which they participate must succeed in rela- 
tion to the surfaces presented to the reaction. The 
micro-structure of metal surfaces entering into the 
corrosion reaction are significant to the velocity and 
the course of the reaction. The beginning of the re- 
action depends not only upon the original surfaces 
of the metal, but also upon the resultant surfaces 
which arise during the reaction. Consequently, the 
crystalline structure—especially the presence of de- 
fects and distortions of the lattice at the places of 
contact of the individual crystals—is important. 


Taken as a whole, the surface reactions of solids 
playing a decisive.role in corrosion are legion. The 
oxidation and passivation of metals as related to cor- 
rosion protection of the surface are still with us as 
a problem. Solubility, property changes resulting from 
precipitates, aging phenomena and others are also an 
important part of the problem. Relationships exist 
between the structure of a solid and the nature of 
its surface on the one hand, and its reactivity and 
the structure of the reaction products on the other. 
It is hoped that new concepts in topochemistry and 
topochemical reactions will be forthcoming to explain 
these relationships more fully than has current re- 
search. 

There are two general approaches to the problem 
of corrosion analysis. The first, and better known, 
involves an analysis of the situation at the beginning 
of an experiment reflective of the environment, the 
materials choice and design. This is followed by an 
analysis of the situation at each instant or interval of 
time during the experiment, leading to a detailed de- 
scription of the prevailing conditions at the end of the 
experiment. This undoubtedly gives satisfactory re- 
sults. 

In the second method, the final state of the system 
is predicted from knowledge of general broad prin- 
ciples and their applications, considering only the re- 
strictions imposed upon the system. Here it is unneces- 
sary to follow the full course of the corrosion attack 
in detail. This second technique of analysis is the 
same as that followed in thermodynamics and in most 
instances will be found to be more fruitful and eco- 
nomical than the first. 

The results evolved to date from electrochemical 
techniques used for corrosion evaluation leave much 
to be desired. It would appear to be reasonable to 
turn to the currently more highly developed theories 
of dielectric behavior in the solid state for a measure- 
ment of compatibility of materials. If a simple pro- 
cedure could be developed whereby the dielectric 
ratio of the inherent electrical field of the natural 
metallic oxide film to an imposed electrical field could 
be obtained, possibly better corrosion resistance evalu- 
ations might result. The inherent electrical activity 
value of an oxide differs from an imposed electrical 
field. The imposed electrical load can be compared to 
the activity of a corrosive reagent. For this considera- 
tion, microwave, interferometric and other methods are 
most likely to be successful. 


* * * 


Editor's Note: Dr. William M. Nelson is Manager of tne 
Materials Research Laboratory of The W. L. Maxson Cor- 
poration. He is the author of many contributions to the 
literature and is a leading authority in some areas of 
physical research. Recipient of honors and prizes for his 
developments, Dr. Nelson is a member of the Executive Com- 
mittee of the N. Y. Chapter of the American Society for 
Metals, member of AIMME, Fellow of the American As- 
sociation for the Advancement of Science, member of the 
ASTM’s committee on microwave ferrites and other scien- 
tific and learned societies. He obtained his Doctorate from 
Columbia University. 

Associate Editor Harold E. Barkan, author of this month’s 
Science and Engineering article, “The Nature and Control 
of Corrosion,” is well known to readers of ELECTRICAL 
Manuracturinc for his frequent articles on nuclear radia- 
tion, metals, plastics and other materials. He holds a 
Bachelor’s degree in Chemical Engineering and Metallurgy, 
with special studies in nuclear science, is a senior member 
of the American Chemical Society and the American Society 
for Metals, and serves on numerous technical committees 
for the latter. 
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Nature and Control of Corrosion 


HAROLD E. BARKAN, Associate Editor 


AN UNDERSTANDING OF THE fundamental changes materials 
undergo in the external environment is necessary to good 
design practice. In metals, the ability of the material to 
withstand the effect of ambient atmospheres and conditions 
of service often tests the feasibility of a particular design. 

Corrosion of metals and alloys is an important factor 
that must be taken into consideration during selection of 
materials and specification of the length of their operating 
lives. The problems of corrosion basically involve the prop- 
erties of metals and alloys as affected by chemical com- 
position, ambient environment and design practice. 

The basic cause of corrosion is the instability of metals 
in their refined state. Metals tend to revert to their natural 
states through the process of corrosion. For example, 
analysis of rust shows that it is iron oxide, which resembles 


Mechanism 


Where there is a difference in electrical potential from 
one point to another on the surface of a piece of metal in 
the presence of a conductive medium (the electrolyte), 
current will flow through the solution from the point of 
high potential (the anode) to a point of lower potential 
(the cathode). 

The amount of metal dissolved at the anode is propor- 
tional to the quantity of current flowing. The magnitude 
of the current is determined by the relationship 7 = E/R, 
in which E is the effective difference in potential between 
the anode and cathode areas and R is the resistance of 
the circuit. The effective difference in potential, E, is not 
constant, but varies with many influences common to the 
corrosion process. It is equal to the solution potential of 
the anode area, minus that of the cathode area, minus 
the back potentials generated at both anode and cathode 
areas by the flow of the corrosion current. The resistance 
is the sum of the resistance of the path in the electrolyte 
plus that of the anode and cathode surfaces. These surface 
resistances vary during the progress of corrosion because 
of liberation of gas and film formation. The back pressures 
and resistances at the anode and cathode surfaces which 
vary with current flow are said to be caused by polariza- 
tion. The current density at the anode and cathode, as 
determined by their relative areas, has an important influ- 
ence on the corrosion process. If the resistance of the 
electrolyte is high, as in the case of distilled water, little 
current can flow even if the potential is high. A little salt 
added greatly increases the conductivity of the water and 
promotes current flow, with resulting corrosion. 


Cerresion Currents 


Little electric cirquits of the character previously de- 
scribed may be caused by a multitude of conditions. How- 
ever, three general cases may be considered: 


a. Differences in character of the surface film. 
b. Differences in composition within the alloy and external 
contacts with dissimilar metals. 


c. Differences from point to point in the corrosive medium 
(concentration cells). 


Surface films vary in thickness and character. These 
differences lower the resistance to corrosion in two ways. 
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the state of natural iron ore. The general forms of cor- 
rosion that can attack an equipment are: 


e General tarnishing or rusting with occasional perforations 
in highly affected areas. 

e Cracking induced by a combination of stress and corro- 
sion. 

e Highly localized attack by pitting. 

e Corrosion in or near the junction of two different metals. 

e Corrosion confined to crevices, under gaskets or washers, 
or in sockets. 

e Corrosion of one of an alloy’s constituents, leaving a 
structurally weak residue. 


In all the forms of corrosion mentioned, the basic 
mechanism is the same. It is similar to the electrochemical 
action in a dry cell. 


of Corrosion 


First, they create differences in potential on the surface 
and, second, they present weak areas where the electrolyte 
first penetrates to the metal surface. It has been demon- 
strated experimentally that, once a pit is started in the 
surface of an aluminum alloy, this point becomes an anode 
(a point of high potential) from which current flows 
through the corrosive solution to the surrounding cathode 
surface of lower potential. The total quantity of current 
is controlled by the cathode ‘area. Therefore, if two pits 
are present, the current flow is divided so that the current 
flow from each anode is reduced to half. Thus, as the 
number of pits increases, the current flow per pit decreases, 
with resultant decrease in the rate of attack per pit. 


Solution Potentials 


The causes of differences of potential within an alloy 
are of interest in understanding the mechanics of corrosion. 
Since aluminum and magnesium are near the top of the 
electrochemical series, an example may be shown of their 
interaction. Table I lists the solution potentials of these 
metals and their common alloying elements. 

These potentials have been determined in a sodium 
chloride solution containing hydrogen peroxide as a de- 
polarizer. Experience has shown that these values are 
applicable in most atmospheric and salt-water environ- 
ments, but strongly acid or basic conditions alter the rela- 
tive order, sometimes to a marked extent. 

Generally, the greater the difference in potential between 
aluminum and magnesium, respectively, and these alloy- 
ing elements, the greater the effect will be in lowering the 
resistance to corrosion. 

_ The situation, however, is not that simple and the con- 
stitution diagram of the alloy series must be studied to 
determine the form in which the two metals are asso- 
ciated in the alloy. An alloying element may take the 
form of (a) microscopic particles of the metal in the 
aluminum or magnesium matrix as, for instance, silicon 
in aluminum, (b) an intermetallic compound between the 
two elements as, for instance, CuAl, in aluminum, (c) a 
compound between two alloying elements, such as the 
compound Mg.Si in aluminum alloys containing magnesi- 
um and silicon, or (d) a solid solution (i.e., atoms or 
molecules of the alloying element become a part of the 
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Table I—Solution Potentials’ in NaCl-H,O, 
Solution’ (N/10 Calomel Scale) 





Potential, volts 


Magnesium —1.73 
Mg—4 per cent Sn solid solution —1.69 
Mg—4 per cent Al solid solution —1.68 
Zinc —1.10 
Mg;Aly —1.07 
MgZn —1.04 
Al—4 per cent Zn solid solution —1.02 
Al—1 per cent Zn solid solution —0.96 
Al—4 per cent Mg solid solution —0.87 
MnAl, —0.85 
Aluminum —0.84 
Al—1 per cent Mg,Si solid solution —0.83 
Al—4 per cent Cu solid solution —0.69 
FeAl, —0.56 
Iron —0.55 
CuAl, —0.53 
Silicon —0.26 
Copper —0.20 





® R. H. Brown, Aluminum Research Laboratories. 
»b 53 gm NaCl + 3 gm H,O, per liter. 
Source: Aluminum Company of America. 


crystal structure of the base metal). Any or all of the 
above conditions may exist in a commercial alloy. 

In general, a solid solution is a highly corrosion-resistant 
form in which an alloy may exist; a pure metal, though, 
must be ranked highest in corrosion resistance. However, 
when a solid solution is formed by, say, heat treatment at 
an elevated temperature and retained by rapid cooling, 
very fine particles may precipitate out at room temperature 
(natural aging) or at a somewhat elevated temperature 
(artificial aging). Such precipitation may cause differences 
in potential in the alloy structure in two ways: first, the 
precipitated particles themselves have a potential differing 
from the potential of the surrounding solid solution and, 
second, the depleted areas of solid solution from which 
the precipitate is formed will have a potential differing 
from other areas where no precipitation has occurred. 

It should be added that certain elements going into solid 
solution raise and others lower the solution potential. Zinc 
and magnesium produce solid solutions with aluminum 
which have higher solution potential than pure aluminum, 
whereas copper and silicon have the opposite effect. 
Aluminum in solid solution in magnesium lowers the 
solution potential. The aluminum-manganese compound, 





MnAI,, and magnesium silicide, Mg.Si, have solution po- 
tentials very close to that of aluminum. Manganese is 
relatively insoluble, and magnesium and silicon (in the 
ratio of the compound) in solid solution in aluminum do 
not appreciably alter the solution potential. For these 
reasons, manganese and Mg.Si are ideal as alloying ele- 
ments to produce aluminum alloys with unimpaired resist- 
ance to corrosion. When precipitation occurs, the areas of 
depleted solid solution are anodic in aluminum-copper 
alloys, and cathodic in aluminum-zinc alloys. Thus, even 
in a solid-solution alloy, there may exist anode and cathode 
areas. 

It is perhaps sufficient at this point to understand that 
metallic constituents of aluminum and magnesium alloys, 
whether they be impurities or intentionally added alloying 
elements, give rise to differences in solution potential 
within the alloys which, in the absence of an effectively 
protective surface film and in contact with a conducting 
medium, set up small electrical currents which result in 
corrosion of the metal. 


Potential Differences from Environment 


Electric currents may also be set up because of differ- 
ences in potential within the corrosive medium. This, at 
the bottom of pits, in crevices, or where a wet absorptive 
material is in contact with the metal, free circulation of 
oxygen is prevented and variation in the oxygen concen- 
tration in the solution occurs. Other differences in the 
composition of the corroding medium occur from point 
to point due to the absence or extent of agitation. All such 
variations in composition in the electrolyte set up points 
of different potential on the surface of the metal. 


Dissimilar Metal Contacts 


Dissimilar metal contacts are of particular importance 
with aluminum and magnesium. For instance, copper in 
contact with aluminum causes a high current to flow from 
the aluminum through the electrolyte to the copper. Thus, 
the aluminum is rapidly attacked and the copper protected. 
On the other hand, zinc, having a higher solution potential 
than aluminum under many corrosive conditions, will 
protect aluminum and will itself be sacrificially corroded. 
A special condition is of interest where aluminum and 
magnesium are in contact while immersed in salt water. 
The magnesium, because of its higher solution potential, 
causes a current to flow in a direction which should 
electrolytically protect the aluminum—the magnesium is 
the anode and the aluminum is generally the cathode— 
but the strongly alkaline basic corrosion products caused 
by the rapidly corroding magnesium will severely attack 
the aluminum. Thus, both metals suffer rapid corrosion. 


Chemistry 


The fundamental reaction of corrosion involves a trans- 
fer of electrons in which some positively charged ions in 
the corroding solution—usually hydrogen ions—lose elec- 
trical charges which are acquired by the metal or alloy 
going into solution (being corroded). The complete cor- 
rosion reaction is divided into an anodic portion and a 
cathodic portion occuring simultaneously at discrete points 
on the metallic surfaces. The anodic reaction (oxidation) 
represents the acquisition of charges by the corroding 
metal, while the cathodic reaction (reduction) represents 
the loss of charges by the hydrogen ions which are dis- 
charged. The flow of electricity between the anodic and 
cathodic areas may be generated by local cells set up either 
on a single metallic surface, or between dissimilar metals. 
Sometimes an electric current may be applied from some 
external source either accidentally or deliberately. This is 
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the essence of the generally accepted electrochemical 
theory of corrosion. 

The seven most important factors that determine the 
extent or progress of corrosion will be discussed as follows: 
acidity of the solution, oxidizing agents, temperature, effect 
of velocity, effect of films, inhibitors and concentration 
cells. 


Acidity of the Solution 


Since the discharge of hydrogen ions takes place in 
most corrosion reactions, it is reasonable to suppose that 
the acidity of a solution as represented by the concentra- 
tion of hydrogen ions (pH) is a most important factor. 
Thus, acid (low pH) solutions are, as a general rule, more 
corrosive than neutral (pH 7), or alkaline (high pH) 
solutions. In the case of ordinary iron or steel, the divid- 
ing line between rapid corrosion in acid solutions and 
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Table ll—Electromotive Series* 


Molal electrode potential at 77 F (25 C) 








Metal Ion Volts 
Magnesium Mg** —2.34 
Aluminum Altt+ —1.67 
Zinc Znt+ —0.76 
Chromium Crtt+ —0.71 
Iron Fett —0.44 
Cadmium Cdtt+ —0.40 
Nickel Ni*+ —0.25 
Tin Sn*+ —0.14 
Lead Pb** —0.13 
Hydrogen Ht arbitrary zero point 
Copper Cutt +0.34 
Silver Ag* +0.80 
Palladium Pdtt+ +0.83 
Mercury Hg*+ +0.85 
Platinum Ptt+ +1.2 
Gold Autt+ +1.42 


* Source: International Nickel Company. 


moderate or slow corrosion in nearly neutral or alkaline 
solutions occurs at about pH 4.5. With the amphoteric 
metals such as aluminum or zinc, highly alkaline (high 
pH) solutions may be even more corrosive than acid 
solutions. 

The tendency for metals to corrode by the displace- 
ment of hydrogen ions from solution is indicated, gen- 
erally, by their position in the electromotive series shown 
in Table II. It should be noted that the potential values 
given in this table apply only to the conditions where 
the metal is in contact with a solution in which the 
activity of the ion indicated is | mol per 1000 gm of water. 
In any other solution, different values for the potentials 
would be developed. 

Metals above hydrogen in this series displace hydrogen 
more readily than do those below hydrogen. A decrease 
in hydrogen-ion concentration (acidity) tends to move 
hydrogen up relative to the other metals, while an increase 
in the metal-ion concentration tends to move the metals 
down relative to hydrogen. 

Visible evolution of hydrogen as a gas is not the only 
way by which discharged hydrogen ions are removed from 
the system. These may react with oxygen to form water 
or hydrogen peroxide, so that where hydrogen evolution 
does not occur, these reactions are usually the most im- 
portant ones in determining the rate and extent of cor- 
rosion. 


Oxidizing Agents 

In some corrosion processes, such as the solution of zinc 
in hydrochloric acid, hydrogen may be evolved as a gas. 
In others, such as the relatively slow solution of copper 
in sodium chloride, the removal of hydrogen, which must 
occur in order that corrosion may proceed, is effected by 
a reaction between hydrogen and some oxidizing chemical, 
such as oxygen, to form water. Because of the high rates 
of corrosion which usually accompany hydrogen evolution, 
metals are rarely used in solutions from which they evolve 
hydrogen at an appreciable rate. As a result, most of the 
corrosion observed in practice occurs under conditions 
where the oxidation of hydrogen to form water is a neces- 
sary part of the corrosion process. Thus, oxidizing agents 
are often powerful accelerators of corrosion, and the ox- 
idizing power of a solution is often its most important 
single property where corrosion is concerned. 
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Oxidizing agents that accelerate the corrosion of some 
materials may also retard corrosion of others through the 
formation on their surface of oxides or layers of adsorbed 
oxygen which make them more resistant to chemical 
attack. This is true of metals such as aluminum, mag- 
nesium and chromium, and, to a lesser extent, iron and 
nickel. These metals are able to contribute the inhibiting 
effect to other metals with which they may be alloyed. 
This property of chromium is responsible for the principal 
corrosion-resistant characteristics of the stainless steels. 

Therefore, oxidizing substances such as dissolved air 
may accelerate the corrosion of one class of materials 
and retard the corrosion of another class. In the latter 
case, the behavior of the material usually represents a 
balance between the power of oxidizing compounds to 
preserve a protective film and their tendency to accelerate 
corrosion when the agents responsible for protective film 
breakdown are able to destroy the films. 


Temperature 


The rate of corrosion tends to increase with rising tem- 
perature. Temperature also has a secondary effect through 
its influence on the solubility of air (oxygen), which is 
the most common oxidizing substance influencing cor- 
rosion. 

Temperature may have another secondary effect through 
increasing the solubility of protective corrosion products, 
as in the case of lead in hydrochloric acid. Lead chloride 
is insoluble and protective in the cold, but it is soluble 
and nonprotective in the hot acid. 

In addition to effects on the solubility of corrosion 
products, temperature has other effects such as changes 
in the physical nature or the chemical composition of 
these products, which may make them considerably more 
or less protective. An example may be seen in the be- 
havior of zinc in distilled water, where the characteristics 
of the corrosion product change with increasing tempera- 
ture so that they lose their protective value within one 
range of temperatures (120-200 F) and regain it at higher 
temperatures. 


Effeet of Velocity (Agitation) 


An increase in the velocity of relative movement be- 
tween a corrosive solution and a metallic surface tends 
to accelerate corrosion. This effect is due to the higher 
rate at which the corrosive chemicals, including oxidizing 
substances (air), are brought to the corroding surface and 
to the higher rate at which corrosion products, which 
might otherwise accumulate and stifle corrosion, are 
carried away. The higher the velocity, the thinner will be 
the films through which corroding substances must pene- 
trate and through which soluble corrosion products must 
diffuse. 

Whenever corrosion resistance results from the accumu- 
lation of layers of insoluble corrosion products on the 
metallic surface, the effect of high velocity may be either 
to prevent their normal formation, or to remove them 
after they are formed. Either effect allows corrosion to 
proceed unhindered. 

Monel and nickel do not depend for their corrosion 
resistance on thick films of corrosion products that are 
likely to be wiped off at high velocities. Consequently, 
these materials often perform to best advantage under 
velocity conditions that will not permit other materials 
to retain the corrosion-product films upon which their 
corrosion resistance depends. 


Effect of Films 


Once corrosion has been started, its further progress 
very often is controlled by the nature of films that may 
form or accumulate on the metallic surface. Insoluble 
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corrosion products may be completely impervious to the 
corroding liquid and, therefore, completely protective; or 
they may be quite permeable and allow local or general 
corrosion to proceed unhindered. 

Films that are nonuniform, or discontinuous, may 
tend to localize corrosion in particular areas, or to induce 
accelerated corrosion at certain points by initiating elec- 
trolytic effects of the concentration-cell type. Films may 
tend to retain or absorb moisture and thus, by delaying 
the time of drying, increase the extent of corrosion result- 
ing from exposure to the atmosphere or to corrosive 
vapors. 

It is agreed generally that the characteristics of the rust 
films which form on steels determine their resistance to 
atmospheric corrosion. The rust films that form on nickel 
steels are more protective than those that form on un- 
alloyed steel. 

In addition to films that originate, at least in part, in 
the corroding metal, there are others that originate wholly 
in the corrosive solution. These include various salts, such 
as carbonates and sulfates, which may be precipitated from 
heated solutions, and insoluble compounds which form on 
metal surfaces in contact with certain specific proclucts. 
In addition, there are films of oil and grease that may 
protect a material from direct contact with corrosive sub- 
stances. Such oils may be applied intentionally or be a 
result of certain ambient conditions. 


Concentration Cells 


In metal-ion concentration cells, the tendency of a metal 
to go into solution is influenced by the concentration of 
ions of that metal in the solution in immediate contact 
with the metallic surface. The lower the metal-ion con- 
centration, the greater is the tendency for the metal to 
dissolve; the higher will be its solution potential as meas- 
ured in volts. If conditions are such that the concentration 
of metal ions in a solution at one point on a metallic 
surface is appreciably different from the concentration of 
the metal ions at another point, the resulting difference 
in potential will cause an electric current to flow between 
the two points. The direction of this current flow will be 
from the metal to the solution at the point where the 
metal-ion concentration is low, and from the solution to 
the metal at the point where the metal-ion concentration 
is high. A simple cell of this type, such as might be set 
up experimentally, is illustrated in Fig. 1. A porous cup 
is used to prevent the two solutions from mingling, but 
does not interfere with the flow of current which will 
cause corrosion where the current leaves the metal to 
enter the solution in the region of low metal-ion con- 
centration. 

In practice, concentration cells of the metal-ion type 
may be associated with differences in velocity between 
two points on a metallic surface. Under such circum- 
stances, metal ions in corrosion products may be removed 
continuously at one point, while they may accumulate at 
another. 

Oxygen concentration cells are similar in nature to 
metal-ion cells. A metal or alloy may be in contact with 
a solution under conditions where the concentration of 
dissolved oxygen at one point is considerably greater than 
at some other point on the same metallic surface. A simple 
cell of this type which may be set up experimentally is 
shown in Fig. 2. As in the case of the experimental metal- 
ion cell, a porous cup is used to separate the air-saturated 
solution from the air-free solution. The flow of current 
is from the metal to the solution at the point of low oxygen 
concentration, and from the solution to the metal at the 
point of high oxygen concentration. This flow of current 
will cause corrosion of the metal where the current enters 
the solution, as in the nitrogen-saturated (oxygen-free) 
solution shown in Fig. 2. 
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Fig. 1—Experimental metal-ion concentration cell. 


Oxygen cells and metal-ion cells often oppose each other. 
In many cases, especially with copper and high-copper 
alloys, an oxygen concentration cei! may be initiated and, 
through its effect, bring about an increase in the metal-ion 
concentration in the vicinity of the original anodic areas 
so that a metal-ion cell will finally be set up with a poten- 
tial in the opposite direction. The result will be to reduce, 
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Fig. 2—Experimental oxygen concentration cell. 
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or eliminate, the corrosive effect of the oxygen concentra- 
tion cell. 

Metals differ in their response to the effects of con- 
centration cells. In the case of oxygen cells, the behavior 
may be complicated by the passivating effect of oxygen. 
For example, if a metal or alloy depends upon a passive 
film for its corrosion resistance, and if an oxygen cell gets 
started, the absence of oxygen at the points which become 
anodic precludes the repair of the passive film in this 
region. Subsequently, the original simple oxygen cell will 
become overshadowed in importance by the considerably 
more powerful cell set up between the established anodic 
areas and the surrounding metal where the passive film 
is kept intact, and where the. available oxygen will serve 
also to promote the corrosion reaction by its effect as a 
depolarizer in reacting with hydrogen. These active-passive 
cells, which may be considered as oxygen concentration 


Galvanie 


Galvanic corrosion may be defined as accelerated elec- 
trochemical corrosion produced when one metal is in 
electrical contact with another more noble metal, both 
being in the same corroding medium, or electrolyte. Cor- 
rosion of this type usually results in a higher rate of 
solution of the less noble metal and protection of the 
more noble metal. During the corrosion process an electric 
current is generated by the two metals in contact, the 
magnitude of this current being equal to the acceleration 
of the corrosion of the more vulnerable material beyond 
its normal extent. The general reaction is similar to that 
of a miniature cell, or battery, from which a definite 
amount of electrical power may be derived. The simplest 
and best-known example of such a galvanic cell is the 
one composed of strips of zinc and copper joined by a 
metallic conductor and immersed in a dilute solution 
of sulfuric acid. In this cell the less-noble zinc strip suffers 
accelerated corrosion, while the more-noble copper is 
virtually unattacked. 


Galvanie Series 


With a knowledge of the galvanic behavior of metals 
and alloys, it is possible to set up a series which will 
indicate the tendencies of metals and alloys to form gal- 
vanic cells and to predict the probable direction of the 
galvanic effects. Such a series is provided by Table III. 

Table III is based on experiences in corrosion testing 
(both in the laboratory and under actual operating con- 
ditions) of numerous corrosives and on practical results 
with metals and alloys in service. This series is not to be 
confused with the theoretical “Electromotive Series” (Ta- 
ble II) so well known and frequently used in physical 
chemistry and thermodynamic fundamentals. It has basic 
characteristics which make it analogous to the “Electro- 
motive Series,” but it takes into consideration overall and 
practical aspects in addition to theoretical principles. 

In lable III, metals that are grouped together have no 
strong tendency to produce galvanic corrosion of each 
other, and from the practical standpoint are relatively 
safe to use in contact with each other. The coupling of 
two metals from different groups and distant from each 
other in the list will result in galvanic, or accelerated, 
corrosion of the one higher in tie list. The farther apart 
the metals stand, the greater will be the galvanic tendency, 
as may be determined by measurement of the electrical 
potential difference between them. It is not practical to 
tabulate voltage values for combinations of the metals 
because these will vary with each corrosive condition. 
What actually determines galvanic effect is the quantity 
of current generated, which may be measured in amperes 
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cells of a particularly aggressive form, may develop, under 
favorable conditions, potentials ‘as high as 500 mv, or 
more, on materials such as stainless steel. Pits result from 
the action of cells of this type. 

Oxygen concentration cells may initiate pitting in almost 
any metal or alloy under loosely attached, porous metals, 
which shield the underlying metal from free contact with 
the solution, especially if the main body of the solution is 
in motion. Similarly, crevices between overlapping metallic 
surfaces may become the sites of anodic areas with result- 
ing severe corrosion in the crevices. For this reason, cracks 
or crevices should be avoided in the fabrication of cor- 
rosion-resistant equipment. : 

Solutions containing halides are most active in causing 
local breakdown of passive films and are therefore most 
likely to be associated with pitting due to oxygen concen- 
tration cells or to active-passive cells. 


Corrosion 


or milliamperes, rather than the potential difference 
(measured in volts or millivolts). 

Relative position of metals within a group sometimes 
changes with external conditions, but it is only rarely 
that changes occur from group to group. 

The chromium-iron and chromium-nickel-iron alloys 
frequently change positions, as indicated, depending upon 
the corrosive media, particularly with respect to their ox- 
idizing power and acidity or to the presence of activating 
ions, such as halides. The positions occupied may be 
anywhere between the extremes indicated. 


Factors Influencing Galvanic Corrosion 


The galvanic series indicates only the tendency of the 
several metals and alloys to set up galvanic corrosion. 
Actual corrosion cannot proceed unless there is a flow 
of electrical current. As in the case of ordinary corrosion, 
the ease with which this current can flow, and the mag- 
nitude of the current, are controlled by basic factors, the 
most important of which follow: 

Conductivity of the Circuit. There must be a complete 
circuit through the conducting metals and the solution. 
In view of the relatively low voltages involved, contact 
between the two (or more) metals must be good. The 
metals themselves are such good conductors of electricity 
that the total resistance of the circuit is usually controlled 
principally by the resistance of the solution (and metal- 
to-metal contact, if this contact is poor). Appreciable 
galvanic corrosion need not be expected in distilled water, 
which is a poor conductor. Ordinary tap water contains 
sufficient dissolved ionizable salts to make it moderately 
conductive, so that galvanic corrosion can occur. In the 
case of tap water and other relatively low-conductivity 
solutions, the galvanic influences are usually localized so 
that the less-noble metal (the anode) suffers most of its 
accelerated corrosion in a region in the immediate vicinity 
of the more-noble metal (the cathode). Strong salt solu- 
tions (such as brines and sea water) and strong solutions 
of other chemicals (including acids and alkalies) are very 
good conductors, and under appropriate conditions gal- 
vanic corrosion can take place in them all. In these highly 
conductive solutions, galvanic corrosion is more likely to 
be distributed widely over the entire anode surface. Even 
in the case of thin films of condensed moisture, if dissolved 
salts or ionizable dissolved gases are present, the circuit 
may be completed and galvanic corrosion will occur, al- 
though corrosion tends to be localized near the points 
of contact. 

Potential between the Anode and the Cathode. The 
position of metals in the galvanic series indicates qualita- 
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tively the tendency to create accelerated corrosion of the 
less-noble metal (anode). The amount of current generated 
by the cell, which determines the magnitude of the cor- 
rosion, is influenced by the actual difference in potential 
between the two metals. Large differences favor a greater 
amount of corrosion. In the absence of other controlling 
factors, corrosion would vary directly with the voltage. 
However, the potential difference is often of lesser im- 
portance than other factors to be discussed. 

Polarization. The effective potential difference between 
the anode and cathode may be reduced considerably by 
polarization, which may occur at the anode through the 
accumulation of corrosion products (e.g., metallic ions 


which reduce the anode potential) or at the cathode | 


through the deposition of hydrogen. 

General experience has shown that, of the two types 
of polarization, the accumulation of hydrogen, or cathodic 
polarization, is most often of controlling importance. If 
hydrogen is not removed from the cathodic surfaces, the 
electromotive force of the galvanic cell may fall to very 


Table Ill—Galvanic Series of Metals and Alloys* 





Corroded end (anodic, or least noble) 





Magnesium 
Magnesium alloys 


Zinc 

Aluminum 2S 
Cadmium 
Aluminum 17ST 


Steel or iron 
Cast iron 


Chromium-iron (active) 
Ni-Resist ¢ 


18-8 Chromium-nickel-iron (active) 
18-8-3 Chromium-nickel-molybdenum-iron (active) 


Lead-tin solders 
Lead 

Tin 

Nickel (active) 
Inconel (active) 
Hastelloy C (active) 


Brasses 

Copper 

Bronzes 
Copper-nickel alloys 
Monel 


Silver solder 


Nickel (passive) 
Inconel (passive) 


Chromium-iron (passive) 

Titanium 

18-8 Chromium-nickel-iron (passive) 

18-8-3 Chromium-nickel-molybdenum-iron (passive) 
Hastelloy C (passive) 


Silver 


Graphite 
Gold 
Platinum 





Protected end (cathodic, or most noble) 





* Source: International Nickel Company. t Reg. U.S. Pat. Off. 
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low values and galvanic corrosion will approach zero. 
Dissolved oxygen is the most common and one of the 
most potent depolarizers. If present, it will unite with the 
deposited hydrogen to form water, and the galvanic forces 
will continue to operate. An example is copper in contact 
with steel in sea water. In normal sea water containing 
dissolved air, galvanic corrosion proceeds under a poten- 
tial difference of as much as 0.5 volt. In air-free sea water, 
hydrogen polarization of the copper will reduce the poten- 
tial to the extent that galvanic corrosion will usually be 
insignificant. 

Cathodic depolarization is frequently of such influence 
on galvanic corrosion that the total corrosion of the 
anodic material is practically independent of the cathodic 
material—provided, of course, that the two metals stand 
definitely apart in the galvanic series. For example, iron 
in contact with copper, bronze, brass or Monel is corroded 
at substantially the same rate. 

Relative Cathode and Anode Areas. The ratio of exposed 
area of the corroding material (anode) to that of the 
protected material (cathode) does not influence the initial 
difference in potential between the two. However, the 
quantity of current that is generated and the acceleration 
of corrosion associated with this current depend largely 
upon that ratio. A small anode and a large cathode tend 
to result in an increase in current density (i.e., a concen- 
tration of current on the anode), with a subsequent great 
increase in corrosion rate. 

Several investigations with neutral solutions have shown 
that the increased corrosion of the anode above its normal 
rate in a good electrolyte is almost linearly proportional 
to the ratio of the sum of the areas of the anode and 
cathode and the area of the anode. This may be represented 
by the following typical equation for iron and copper: 


rate of galvanic __ 8rea of Fe + area of Cu 
corrosion of Fe area of Fe 


normal rate of 
corrosion of Fe 


The total area of iron and of copper must be consid- 
ered because both «metallic surfaces are available for 
depolarization, which is essential if the corrosion reaction 
is to proceed. 

The influence of relative areas of anodic and cathodic 
surfaces can be illustrated by the example of a riveted 
plate in sea water. A steel rivet in a copper plate suffers 
very rapid attack, whereas a copper rivet does not ac- 
celerate the corrosion of a steel plate to any appreciable 
extent, even though the initial potential difference is the 
same in each case. 

Geometrical Relationship between Dissimilar Metal 
Surfaces. The positions of the dissimilar metals relative 
to each other affect the extent and distribution of galvanic 
corrosion. Most frequently the dissimilar metals contact 
each other along a line. Occasionally the dissimilar metal- 
lic surfaces are in non-intersecting planes. In the former 
case, intensity and distribution of the galvanic effect will 
be determined principally by the conductivity of the 
electrolyte. In the latter case, distance between the dis- 
similar metals will be of equal importance to the con- 
ductivity of the electrolyte. 

Contact between Metals. It has been stated that good 
contact between dissimilar metals is necessary to permit 
current flow because of the relatively low voltages. in- 
volved. Practically, it has been demonstrated that the 
contact must be metal-to-metal and entirely through a 
metallic path. The presence of a conducting liquid or dried- 
salt bridge between the two metals will not take the place 
of a truly metallic conductor of the first class, and will 
not provide the contact required for galvanic corrosion. 
Films of oxides or corrosion products between two over- 
lapping pieces of metal may be sufficient insulation to 
prevent galvanic corrosion. 
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Practical Aspects of Galvanic Corrusion 


Galvanic effects are not responsible for as many cases 
of corrosion failure as are generally attributed to them. 
Often a failure from galvanic corrosion can be traced to 
an unusually poor choice of particular materials for the 
application. It is obviously poor practice to place in a 
single piece of equipment two metals standing far apart 
in the galvanic series, unless conditions related to the 


factors that have been discussed indicate safety in doing 
so. For example, a small area of any material should 
never be exposed in galvanic contact with a large area of 
a more noble material. It is often the best practice to use 
more noble materials for fastening devices or other vital 
parts in equipment built, for economic reasons, from less 
corrosion-resisting materials. In line with this, Monel is 
used frequently for bolts holding together parts of iron 
or steel condensers operating in sea or brackish waters. 


Stress Corrosion 


The study of stress corrosion concerns the behavior 
of metal under the combined action of corrosive environ- 
ment and high tensile stresses. Stress corrosion is a general 
term that may be considered to include acceleration of 
corrosion by stress as well as the limiting situation of 
stress-corrosion cracking. 

Stress-corrosion cracking results when, within the struc- 
ture of the metal or alloy, more or less continuous zones 
exist that are more susceptible to corrosion than the rest 
of the metal. Usually the corrosive attack in these zones 
occurs because they are anodic to the rest of the structure. 
Fissures in the metal are initiated as a result of the elec- 
trochemical reaction between the anodic zones and the 
cathodic areas of the structure. If high tensile stresses 
are present at the surface, these small fissures increase the 
magnitude of local stress, tending to pull them apart. As 
the action proceeds, new metal at the base of the fissures 
is exposed and consumed by electrolytic corrosion. Thus, 
further concentration of the stress occurs and the depth 
of the fissures is increased. 


Static Stress 


Differences in stress within a metal or alloy serve to 
increase the rate of attack at the more highly stressed 
zones. Stresses may influence the nature, rate and dis- 
tribution of corrosion in several ways: 


e by increasing the internal energy level (residual stress) 
of the metal system and causing a possible shift of electro- 
chemical potential in a more active direction 

e by damaging protective surface films 

e by influencing polarization reactions 

e by changing the metallurgical characteristics in, for ex- 
ample, phase transformations, precipitation, or microstructures 

e by accelerating the rate of corrosion through purely me- 
chanical effects. [In most cases this effect is rather small, but 
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In a given medium, a given metal corrodes more rapid- 
ly when subjected to repeated stress than when no stress 
is applied. It is generally believed that the oxide film 
formed naturally on the surface is of relatively high 
strength and low ductility, so that cyclic stressing causes 
rupture faster than repair can occur, thus allowing cor- 
rosion to proceed rapidly at points where the normal pro- 
tection of the film is lacking. 

Transcrystalline attack follows precipitation within the 
grains. Secondary corrosion products are formed which 
clog the pits and retard diffusion of the oxygen required 
to repair the primary film. Thus the metal at the base 


Nuelear 


Nuclear radiation, under high flux radiation densities, 
will have certain effects upon aqueous solutions which 
may in turn have decided effects upon their corrosive 
properties. 
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with some alloys complete failures may occur. Certain alloys 
of aluminum, some of the stainless steels, some magnesium 
alloys and brass (season cracking) are most commonly 
affected. ] 


For accelerated corrosion by constant stress to occur, 
two conditions must prevail. First, there must be a sus- 
ceptibility in the alloy to selective corrosion along con- 
tinuous paths and, second, there must also be a condition 
of high stress acting in a direction tending to pull the 
metal apart along the paths. The paths may consist of 
grain-boundary areas anodic with respect to the bulk of 
the grain, a condition which may be brought about by 
selective precipitation at the grain boundaries either when 
the precipitated phase is anodic to the solid-solution matrix 
or when, as a result of such precipitation, the solid-solution 
zones of the alloying element are impoverished along the 
grain boundaries and hence are more anodic than the 
richer, solid solutions in the rest of the grain. Thus, gal- 
vanic cells are formed, each with a large cathode and a 
small anode. Current flow from these small anodes results 
in concentrated and accelerated corrosion along these 
areas. Localized anodic zones may be found within the 
grains by selective precipitation, thus explaining trans- 
granular cracking. In the presence of stress, a high stress 
concentration will develop at the root of the corroding 
path as the preferential attack progresses. The deeper the 
attack and the smaller the radius at the root of the crack, 
the greater will be the stress concentration. At sufficiently 
high tensile stress, the metal will start to tear apart and 
fresh film-free metal will be exposed to the action of the 
corrosive medium. This freshly exposed metal will then 
be anodic to the film-covered matrix, thus maintaining 
the electrochemical action and causing further accelera- 
tion of the corrosion, finally resulting in failure of the 
metal. 


Fatigue 


of the pit is maintained in an active condition and has, 
consequently, an increased tendency to corrode. The pits 
resulting from corrosion fatigue are unusually sharp, acting 
as stress raisers of very high intensity. The process of 
failure takes place in two phases. First, the combined 
action of corrosion and cyclic stresses so damages the 
metal by pitting and crack formation that failure by cyclic 
stressing would ultimately occur even if the corrosive 
medium were completely removed. The second is essen- 
tially a fatigue stage in which failure proceeds by crack 
propagation and is controlled primarily by stress-concen- 
tration effects and the physical properties of the metal. 


Radiation 


Nuclear radiation under high flux density can have a 
significant effect upon some of the mechanical and physical 
properties of metals and alloys, which in some cases might 
possibly affect corrosion resistance. Generally speaking, 
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fer materials such as carbon and alloy steels and high- 
nickel alloys, radiation exposure results in an increase in 
ultimate strength, yield strength and hardness, with some 
loss in ductility. The effect appears to be similar to that 
observed in cold working. There is some ferrite pre- 
cipitation effect in the austenitic stainless steels. It would 
not be expected that these changes of properties would 
have any significant effect upon the general corrosion 
resistance of the materials to any greater extent than work 
hardening in other applications. However, under suitable 
conditions, they might have some effect on such phenomena 
as stress-corrosion cracking of austenitic stainless steels 
and hydrogen embrittlement of ferritic materials. Radi- 
ation-damage effects tend to anneal themselves out at high- 





er operating temperatures. They are much more significant 
in high flux densities near the reactor core. Effects on 
equipment outside the reactor vessel itself probably are 
not appreciable corrosion-wise. 

Under radiation some water is broken down into free 
radicals, apparently by the fast neutrons. Most of the 
free radicals recombine quickly, but a small fraction react 
in other ways, forming small amounts of dissolved oxygen 
and hydrogen. This could result in definite quantities of 
corrosion products. If there is some nitrogen dissolved 
in the water, it will combine with hydrogen to form 
ammonia, especially if hydrogen is present in excess, or 
may combine to form some nitric acid if dissolved oxygen 
is present in excess. Thus, the pH of the solution will 
be influenced and thereby the corrosion of materials. 


Atmospheric Deterioration 


Ferrous Metals 


Iron has a natural tendency to corrode because there 
is a large negative free energy difference for the reaction 
of iron to form iron oxide. As has been mentioned, the 
natural process by which iron returns to the same chem- 
ical composition as its ores is sometimes termed corrosion. 
Gold, platinum and the other noble metals that do not 
corrode in air are found chemically uncombined in nature. 

According to electrochemical theory, there is a flow of 
electric current when corrosion occurs. For an electric 
current to flow, there must be an electrolyte on the surface 
of the metal. The electrolyte can be water in the form 
of a film ffom rain or as an adsorbed film on a foreign 
particle. In most cases of atmospheric corrosion, distances 
between anodes and cathodes are relatively small cont- 
pared to distances between these active sites in liquids. 

The difference in potential between an anode and a 
cathode is the amount of driving force of the corrosive 
action. It is theorized that an iron atom carrying two 
positive electric charges detaches itself from the metal 
surface and enters the solution as an ion. The two 
positive charges reach the cathode either on the ferrous 
ion or on two of the millions of available hydrogen ions. 
The negative charges (electrons), corresponding to the 
positive charges on the ferrous ions, travel through the 
metallic part of the circuit to the cathode where they 
meet the hydrogen ions in the solution. When the two 
charges are neutralized, the two hydrogen ions may 
combine as a gas, or in the case of atmospheric corrosion, 
they will usually combine with oxygen to form water. 
The ferrous ions unite with the hydroxyl ions to form 
ferrous hydroxide. In the presence of air, this soon be- 
comes hydrated ferric oxide, the familiar rust. 

When iron remains dry for an appreciable time, an 
invisible film containing oxygen forms on its surface. Con- 
trolled atmospheric tests have shown that the air-developed 
film protects iron from corrosion in air at a relative 
humidity of 99 per cent. If, however, the film was exposed 
to nearly moisture-saturated air having 0.01 per cent, or 
more, of sulfur dioxide, corrosion occured. Also, if the 
iron were first exposed to air containing sulfur dioxide 
and subsequently exposed to air at 80 per cent relative 
humidity, corrosion would also occur. Evidently some 
change in the structure of the invisible oxide film is 
caused by exposure to sulfur dioxide. 

Rusting, once started, does not proceed at a uniform 
rate. The familiar reddish-brown rust is a mixture of 
hydrated iron oxides. Depending upon the amount of 
pollution in the atmosphere and the composition of the 
steel, the oxide film is more or less protective. Of all 
the common pollutants, sodium chloride (typified by sea 
salt) is the greatest destroyer of the protectiveness of the 
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rust film on carbon steel. Oxides of sulfur are much less 
effective, and when both pollutants are nearly absent, the 
atmospheric corrosion of steel is not significant. It is true 
that at locations where dew is deposited on steel, rusting 
as evidenced by discoloration soon takes place. However, 
in the absence of chlorides or sulfates, this rust film 
quickly assumes a protective nature and corrosion extends 
for only a few ten-thousandths of an inch into the surface. 
Even in the presence of chlorides and sulfates, steels that 
contain small amounts of nickel, copper, or chromium, 
alone or together, are able to develop protective rust films 
that make such alloy steels more durable than unalloyed 
steels. 


Nonferrous Metals 


The atmospheric corrosion of nonferrous metals de- 
pends primarily on the presence of moisture and certain 
atmospheric pollutants. Atmospheric water vapor will 
result in the formation of adsorbed or liquid films of 
moisture on the surface of the metal which can adsorb 
pollutants from the atmosphere with the production of 
a corrosive solution. In the absence of liquid water, a 
critical relative humidity must in general be exceeded 
before attack proceeds. In industrial environments, the 
most important pollutant is sulfur dioxide, which is 
oxidized catalytically to the trioxide. It can then form 
sulfuric acid and subsequently attack the metal surface. 

In the case of certain metals, such as magnesium and 
zinc, carbon dioxide also can play a role. In a marine 
atmosphere, airborne salt or saline spray from the sea 
can provide the corrosive medium. 

Sulfur oxides enter into the formation of the well- 
known greenish coating on copper and copper alloys in 





Rules for Corrosion Prevention 


e Proper design, including selection of a suitable 
corrosion-resisting material; avoidance of dissimilar- 
metal contacts and undue stress raisers. 

e Control of the environment by the use of inhibitors 
and passivators, cathodic and galvanic protection. 

e Use of metallic and surface-conversion coatings 
appropriate to the particular corrosion problem and 
engineering characteristics specified. 

e Selection and application of appropriate organic 
coatings, which usually consist of a primer incorporating 
some form of inhibitive pigment and necessary top 
coats. 

e Use of ceramic coatings, particularly for high-tem- 
perature applications. 
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industrial areas. This consists of basic copper sulfate, 
which is extremely resistant to further atmospheric attack 
and therefore acts as a protective film. However desirable 
this effect may be from the standpoint of esthetics and 








further attack, these same reaction products are unwanted 
when they form on electrical contacts made of copper 
and thereby change the electrical resistance of the con- 
tacts. 


Control of Corrosion 


From the foregoing it can be seen that, while the 
theory is simple enough, the corrosion process itself 
can be very complicated. On actual equipment, however, 
it is usually possible to arrive at practical solutions for 
corrosion problems. Assuming that the metal under con- 
sideration is corrodible and granting the necessity, in 
most cases, of liquid water and an oxidizer for corro- 
sion to occur, it follows that if one or the other can 
be excluded from the surface, freedom from corrosion 
will be obtained. 

Protection in a corrosive medium may be sought by 
employing a more or less impermeable seal or mechanical 
barrier, or by reducing the corrosivity of the medium 
reaching the metal surface. The latter normally involves 
the use of corrosion inhibitors. The two means may be 
used simultaneously, as with inhibitive primers and paints, 
or they may be used alone, as in the case of cathodic 
electroplating, dehydration or hermetic sealing. 

If an electromotive force counter to the normal 
fiow of current in a corroding system can be impressed 
on the system circuit, the tendency for the anodic metal 
to go into solution will be decreased. This is known as 
cathodic protection. The current can be provided by 
an externally applied electromotive force or by the ap- 
plication of anodes which will corrode in preference 
to the material for which protection is desired. 

A frequent use of the principle of cathodic protection is 
seen in the application of anodic coatings to the protected 
metal, such as cadmium and zinc plating, galvanizing and 
sherardizing on steel, cladding on aluminum alloys, or 
the use of anodic metals in the form of easily replaceable 
parts or washers. These examples of cathodic protection 
are usually called galvanic protection. 


Design Considerations 


Protection against corrosion must begin in the earliest 
stages of design, primarily in the selection of materials. 
Once the economic factors have been considered and 
weighed, the most corrosion-resistant materials meeting 
the basic requirements of strength, weight and other physi- 
cal and mechanical properties should be selected. 

The use of dissimilar metals in close proximity should 
be avoided wherever practicable. When that is not possible, 
metals should be chosen that are as close together as 
possible in the galvanic series (see Table III). Combinations 
in which the area of the less-noble metal is relatively 
small should be avoided. Dissimilar metals should be 
insulated wherever practicable. If complete insulation 
cannot be achieved by other means, the use of paint, 
plastics coatings, tape or other materials at joints becomes 
an indicated procedure. 

Dissimilar metals should be kept as far apart as possible, 
even when the actual connection between the metals is 
made outside the corrosive medium. Materials far apart 
in the galvanic series should not be joined by threaded 
connections, since the threads will probably experience 
extensive deterioration. 

Wherever possible, relatively small replaceable sections 
(such as washers, gaskets and liners) of a material less 
noble than that to be protected may be installed at joints. 
The wall thickness of the less-noble material should be 
increased wherever practicable in the region adjacent to 
the joint. This provides more of the expendable material 
as a sacrifice to corrosion before eventual failure of the 
prime material occurs. On butt-joints in dynamically 
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loaded structures this also helps prevent entrance of the 
corrosive medium. On submerged parts, bare pieces of a 
material less noble than either of the coupled metals may 
be installed adjacent to the joint to provide a counter- 
acting galvanic current. Provisions for adequate plating, 
surface treatment and finishing should be incorporated 
into the design. Where liquid media are involved, provi- 
sion should be made wherever possible for the use of an 
adequate inhibitor in the liquid medium. Areas where the 
liquid may become stagnant should be avoided. 

With components designed to operate primarily in the 
atmosphere or submerged intermittently, positive precau- 
tion should be taken to ensure against water traps. Free 
drainage should be provided, even to the extent of some- 
times filling spot-faced areas with a filleting compound 
after assembly. Components and systems operating in the 
open air are heated during the day and cool off at night, 
resulting in the accumulation of considerable moisture by 
condensation. Provision should be made for removal of 
the water thus collected. In assemblies where air and water 
vapor cannot be excluded by design, consideration should 
be given to drying the air entering the assembly by 
passing it through beds of dessicant so designed as to 
ensure that the air will be dry enough not to cause cor- 
rosion. On relatively small assemblies, consideration should 
be given to sealing the assembly hermetically to ensure 
that there will be no air or water transfer in the range of 
altitudes and extreme conditions of service. Sharp edges 
should be smoothed or rounded to prevent applied paints 
from becoming too thin. 

On materials subject to static and dynamic stresses, 
sharp corners, notches and abrupt changes in section 
should be avoided because of the possibility that these 
stress raisers may become focal points for stress-corrosion 
cracking or fatigue corrosion. 


Metal Coatings 


Metal coatings may be applied by a number of methods, 
including electrodeposition, metal spraying, deposition 
from a vapor phase, dipping into molten metal, adhesive/- 
metal-powder techniques, metallurgical bonding through 
rolling, and many other procedures. Electrodeposition is 
the most commonly used and most flexible of all methods. 
Sprayed and hot-dipped coatings are widely used on some 
types of materials; for example, for coating with alumi- 
num in the former and for galvanizing steel in the latter. 

The most frequently used coatings on iron and steel 
are cadmium, zinc, nickel, aluminum, chromium, tin and 
lead. All of these are electroplated, but zinc (galvanizing), 
tin, aluminum and lead (terne-plating) are also hot-dipped. 
Under most conditions, cadmium and zinc are both less 
noble than steel and are therefore used in the cathodic 
(or galvanic) protection of iron and steel. At the same 
time, they present a minimum of difficulty from the stand- 
point of dissimilar-metal contact with adjoining aluminum 
and magnesium alloys, important in light metal structures. 
For most applications, cadmium plated thicknesses are 
0.0003 in. and zinc platings 0.0005 in. Hot-dipped zinc 
coating thicknesses vary with the service requirements of 
the base metal, usually between approximately 0.001 and 
0.0025 in. 

Nickel coatings, unlike those of cadmium and zinc, are 
more noble than iron and steel. Protection by nickel is 
therefore accomplished only by using the coating as an 
impervious barrier, which means that it must be thick 
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enough to be essentially nonporous. Both the plating con- 
ditions and the surface condition affect the porosity of 
the coating. Copper is therefore sometimes first deposited 
on poor steel surfaces, since it is more readily polished to 
a high-quality surface. Current practice is to use a mini- 
mum thickness of copper plus nickel of from 0.0004 to 
0.002 in., depending on the severity of the exposure 
conditions. 

With the advent of higher operating temperatures for 
critical applications, new uses have been found for nickel 
plating, sometimes where cadmium or zinc would other- 
wise be used. The temperature limitation for cadmium 
is between 500 and 600 F, whereas for zinc it is between 
700 and 800 F. When applied to or in contact with 
stressed parts, particularly stainless steel, zinc should not 
be used much above 700 F, owing to harmful effects such 
as cracking of the stainless steel. 


Another type of nickel deposit is the electroless nickel. — 


In this process, nickel is deposited by chemical reduction 
in a hypophosphite solution, not by the usual electrochem- 
ical reduction resulting from passage of current. 

Chromium plating for corrosion protection is particu- 
larly useful when hardness, wear resistance and low coeffi- 
cient of friction are also important. For corrosion protec- 
tion of steel, the thickness may range from about 0.002 
in. to over 0.010 in. 


Surface Treatments 


Nonmetallic coatings or surface treatments are frequent- 
ly used to inhibit corrosion. Those used for ferrous 
metals include phosphating and black oxide treatments. 
Zinc, manganese or iron phosphate coatings are commonly 
applied to steel prior to painting. 

Although zinc itself is used to prevent corrosion, in 
many corrosive environments it tends to form voluminous 
white products. This can be minimized by surface treat- 
ments, mainly chromate and phosphate. These form com- 
plex films which, in the presence of water, hydrolyze to 
form inhibitive ions. In addition to their value in retarding 





corrosion, they help to prepare the zinc for painting. 

Where surface treatments on zinc are not adequate 
and painting is not practical, metal coatings may be used. 
All commercially available electroplated coatings are more 
noble than zinc, and therefore the same considerations 
apply as for nickel and chromium on steel—namely, that 
the coatings must be sufficiently thick to prevent galvanic 
action at pores existing or soon formed. Copper and 
nickel are most commonly used, at thicknesses of about 
0.001 in., each being not less than approximately 0.0005 
in. if used together. 

Of the remaining metals which require protection 
against corrosion, aluminum alloys and magnesium alloys 
are most important. Where high strength is a requirement, 
as in the more corrodible aluminum alloys 24S and 75S, 
less-noble coatings are rolled on during an early stage 
of processing to produce a clad material in which the 
surfaces protect the high-strength core galvanically. In 
very limited instances this is also done with magnesium 
alloys. Except for cladding, metal coatings are not com- 
monly used for protecting aluminum and magnesium 
alloys unless some other consideration, such as wear re- 
sistance, is involved. For mild cases of exposure, surface 
conversion treatments are used, followed by paint for 
more severe environments. These surface treatments in- 
clude anodizing, chemical conversion coatings and chro- 
mating. 


Organic Coatings 


The major protection derived from paint coatings stems 
from their ability to act as a mechanical barrier to prevent 
corrosion from reaching the underlying metal surface. 
Therefore, they must be impermeable and must adhere 
intimately to the surface being protected. The coatings must 
be durable, must not deteriorate chemically, must not 
react in a corrosive atmosphere, and must not suffer from 
temperature, radiation, or oxidation exposure. They must 
not become brittle with age, must have inherent resistance 
to abrasion and corrosion, and must have a high degree of 





Units for Reporting Corrosion Rates 


Any term used to report corrosion rates should include units 
of weight, time and area or depth of penetration per unit of 
time; percentage loss in weight is usually meaningless. 

Popular means of expressing corrosion rates are “milligrams 
per square decimeter per day,” abbreviated mdd, and “inches 
penetration per year,” abbreviated ipy. The latter term repre- 
sents the depth to which uniform corrosion would penetrate if 
a specimen. were exposed to corrosion, on one side only, 24 hr 
per day for 365 days. 

Weight loss units can be converted into penetration units by 
using the equation: 


001 
mda x 0.001437) 


d —= Ipy 
where d is the density of the metal in grams per cubic centi- 
meter. 

Example: A corrosion rate of 350 mdd for mild steel would 
bé equivalent to penetration at a rate of 


350 x 0.000183 = 0.064 ipy 


It should be remembered always that any calculations of 
corrosion rates, such as “mdd” or “ipy”, will be subject to 
error owing to non-uniform distribution of corrosion and 
changes of corrosion rates with time. In connection with the 
latter, it is often desirable to carry out the testing program so 
as to provide data from which curves can be plotted to illus- 
trate changes in corrosion rates with time. 

To facilitate conversion of corrosion rates from one unit to 
another, several factors pertaining to such conversions are 
given in the accompanying table. 
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Multiply By To obtain 
grams per square inch 372,000 milligrams per square 
per hour decimeter per day 
(mdd) 
grams per square meter | 0.0274 milligrams per square 
per year decimeter per day 
(mdd) 
milligrams per square 0.0003277 | ounces per square foot 
decimeter 
milligrams per square 
decimeter per day 0.0000026 | grams per square inch 
(mdd) per hour 
milligrams per square 
decimeter per day 36.5 grams per square meter 
(mdd) per year 
milligrams per square 
decimeter per day 0.00748 pounds per square foot 
(mdd) per year 
ounces per square foot 3052 milligrams per square 
decimeter 
pounds per square foot 133.8 milligrams per square 
per year decimeter per day 
(mdd) 
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cohesion. Since these properties are rarely. obtained in a 
single coating, more than one must be used. For example, 
an undercoat, or primer, is generally applied first. It is 
intended to promote maximum adhesion to the metal sur- 
face and very often to provide an inhibitive and continuing 
passivating effect against the traces of corrosive medium 
which do permeate to the metal surface. The paint coating 
applied over the primer is then designed to produce the 
maximum practical barrier. 

The two major components of the primer are the 
liquid vehicle or binder and a corrosion-inhibitive pigment. 
The former usually consists of an alkyd resin solution, a 
drying oil and/or an oleoresinous varnish, with phenolic 
and vinyl resins assuming increased importance. The two 
most common inhibitive pigments are zinc yellow and red 
lead. Pigments such as magnesium silicate, iron oxide and 
titanium dioxide may be added to the pigment to increase 
adhesion. 

Heavy-metal pigments, such as red lead or iron oxide, 
are rarely used on magnesium, aluminum or their alloys. 
Zinc chromate is the most common inhibitive pigment used 
on these metals. Red lead is commonly used on iron and 
steel, although zinc chromate is coming into more general 
use here too. These coatings are generally air-dried and 
applied in thicknesses of about 1 mil. 

The “wash-primer”, becoming more popular with time, 
has a tendency to supplant the older types in many in- 
stances. It consists of a polyvinyl butyral resin vehicle 
to which alcoholic phosphoric acid has been added with 
a zinc chromate pigment. The wash-primer furnishes the 
prime coat for aluminum, zinc and steel. In addition, the 
phosphoric acid ingredient simultaneously enhances and 
at least partially replaces the usual surface treatment, 
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resulting in excellent adhesion of primer to metal. The 
wash-primer is applied very thinly and is usually fo'lowed 
by a more conventional primer compatible with the top 
coat. 

Several new resins have become increasingly important, 
of which the vinyl polymers and copolymers are already 
in extensive use. Acrylate resins form another important 
group, and vinyl and vinylidene chloride copolymers with 
acrylic esters show exceptional resistance properties. Also, 
the polyfluorinated ethylenes, such as TFE and Kel-F, 
show great promise. 

A whole group of protective finishes has been developed 
based on the natural and synthetic rubbers. Natural rub- 
bers have limited use, but modified natural rubbers are 
highly valuable. To eliminate inherent disadvantages of 
high viscosity and continued tackiness, natural rubber 
may be treated with stannic chloride to form isomerized 
or cyclized rubber. This modified material can be made 
to range from hard to soft, to have high resistance to 
chemicals and abrasion and to bond well to metal. Another 
type of rubber is chlorinated rubber which, with added 
resins, forms valuable paints for resistance to many cor- 
rosive environments. 

For the moderate temperature range, silicone-base paints 
are practical and important. For the high-temperature 
range (1000 F--), ceramics offer the most realistic pos- 
sibility. 
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Scales. Graphs and nomographs both require the con- 
struction of scales. A few basic rules suffice to insure legible 
scales. Figure 1(a) shows a legible scale. Major divisions 
represent successive numbers of the same power of ten. 
They are subdivided at their half-way marks by lines 70 
per cent as high as the major division marks and subdivi- 
sions are divided (if at all) at tenths of the division with 
marks half as high as the major division marks. No marks are 
closer together than 4% in.* Units are clearly marked. All 
lines are the same width. 

Figure 1(b) shows how a readable scale is constructed 
when there is not enough room to divide major divisions 
into tenths. If the scale is non-uniform, changes in marking 
may be inevitable. This is illustrated in Fig. 1(c), where 
logarithmic scale markings are shown. Here, changes in 
marking standards are made at major breaks in the scale 
(such as at 1.0 and 10) whenever possible. Figure 1(d) 
shows how a logarithmic scale can be marked when little 
space is available. Notice that there are breaks in the 
pattern at 1, 2, 5 and 10 and that numbers have been omitted 
to avoid crowding. 

Examples of poorly marked scales are shown in Fig. 2. 


*In printing this article, the illustrations have been reduced to conserve space. 
Rules stated above apply to usable hand-drawn scales, 
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In Fig. 2(a) the half division doesn’t stand out so that 2.4 
and 2.5 are hard to tell apart. In Fig. 2(b), divisions are 
made in quarters, making decimal interpolation difficult. 
In Fig. 2(c) an excessive number of scale changes has been 
used. In Fig. 2(d) the designation is not clear as to whether 
the number 3 means 3 milli-in. or 3,000 in. Powers of ten 
and similar forms should never be used in the title of a 
scale because of the possibility of misinterpretation by the 
user. : 
When only the major divisions of a non-linear scale are 


(a) PUTITTTTTTP TTI pT TTT TTT Tyr Try 


100 200 300 400 
Weight, tons 


(b) . 
0! 02 03 04 05 O06 O7 O8 
Distance, miles 
(c) 
08s 10 2.0 30 4050678910 20 
Antenna beamwidth, deg 
(d) 
| 2. 3€3 10 2030 50 100 
Grams ‘ 


Fig. 1 — Examples of scales. 
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yar known and it is desired to locate subdivisions, they can be 
3 4 5 located approximately by constructing a fan of guide lines, 
Vot capacity, pints such as is shown in Fig. 3(a). Figure 3(b) shows a scale 

whose major divisions are known. Figure 3(c) shows how 





the scale is placed over the fan of lines with the divisions 
at 4, 5 and 6 set on lines a, c and e, respectively. Guide ° 
Tere eee ee ee lines 6 and d of the fan now intersect the scale at approxi- 
mately the semi-divisions of 4.5 and 5.5, as indicated. Note 
that only the type of scale that is continuously growing or 
shrinking as the number values increase can be sub-divided 
in this manner and that either 0, or @, (but not both) can 


Peel weight, Ib 


(ce) TUT oe eg ene reer be over 90 deg in the construction of Fig. 3(c). In the 
! 2 3 4 5 10 case of subdividing linear scales, the fan of guide lines is t—* 
Pulses per sec a set of equally spaced parallel lines as indicated in Fig. 4. 


Graphs of Two Variables. The use of a graph to 

i Pepa eee show the relationship between two variables permits a grasp 
~ os AA on a. of the relationship at a glance. Maximums, minimums and 
a ie ranges of variables with different functional relationships 


are often apparent at a single look. If data are available in 4 


Fig. 2— Poor scale markings. La empirical form only, plotting on the three types of graph “4 
. ) 
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Fig. 4 — Subdividing linear scales. apa Fig. 5 — Graphs of linear equations. 
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paper to be discussed will show the analytic form of the 
relationship or indicate regions where an analytic approxi- 
mation to the relationship can be used. This is important 
because the nomograph construction techniques to be dis- 
cussed assume that an analytic relationship among all vari- 
ables is known. 

There are three graph grids that are particularly useful 
to engineers: Cartesian, Logarithmic and Semi-Logarithmic. 
They are shown, respectively, in Figs. 6(a), (b) and (c). 
Colloquially, the three grids are referred to as “ordinary 
graph paper,” “log-log paper,” and “semi-log paper.” 

The three kinds of graph paper form an interesting family 
because each presents a particular type of function as a 
straight line. Figure 5 illustrates this by showing that the 
linear equation 

y=Azr+B (1) 
is a straight line if y vs x is plotted on Cartesian coordinate 
paper, but a curved line on log-log or semi-log paper except 
for cases where B = 0. The values of A and B in Eq (1) 
can be determined by inspection of the Cartesian plot. Thus, 
for the solid-line case, B is the value of y when x = 0, and 
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Fig. 6 — Graphs of power equations. 
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A is the slope of the curve which can be calculated as — 
Cc 
= 2 
A D (2) 
If the slope of the line is down to the right, C is negative 
and the slope is negative. The reader is invited to verity 
that the equations of the curves of Fig. 5 are: 


solid line: y = 0.52 +2 (3) 
dashed line:  y = —z +6 (4) 
circle-dash line: y = 0.52 (5) 
Figure 6 illustrates that the power equation 
y = BrA (6) 


is a straight line if y vs x is plotted on log-log paper, but a 
curved line on Cartesian or semi-log paper. The values of 
A and B in Eq (6) can be determined by inspection of the 
log-log plot. As indicated in Fig. 6(b) for the solid-line case, 
B is the value of y when x = 1 and A is the slope of the 
curve if the x and y scales are equal. Again, the slope is 
calculated by 
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Fig. 7 — Graphs of exponential aniiinn 


147 











ad 
Ce NT tT 
At aad 


i 
Con 
CoN con 


‘CCIE FEIN 


O01 0203 05 | e 345 10 2030 50 100 
x 






Fig. 8 — Function with two approximations. 


If the slope of the line is down to the right, C is negative 
and A is negative. It is suggested that the reader verify that 
the equations of the curves of Fig. 6 are: 


solid line: y = 0.12? (7) 

dashed line: y = 10271 = 10/z (8) 

circle-dash line: y = 0.052? (9) 
Figure 7 illustrates that the exponential equation 

= B+A logur (10) 


r 

z= 1QW-BIA = elv-B) 0.4334 = g2.31(y-B)IA 

is a straight line plotted on semi-log paper, but a curved 
line on Cartesian or log-log paper. The values of A and B 
in Eq (10) can be determined by inspection of the semi-log 
plot where, for the solid-line case, B is the value of y when 
x = 1. A is the slope of the plot which is calculated in this 
case as the change in y as x increases by a factor of 10. 
Again, if the slope of the line is down to the right, A is 
negative. The reader can test himself by deriving the fol- 
lowing equations for the curves of Fig. 7. 


or 
solid line: y = 0 + 8 logir (11) 
z= &-y 
or 
dashed line: y = 8 — 6 logir (12) 


Zr = e60.30y—1.08) 


Since the semi-log plot has two different scales, if an 

equation is of the form 

z=B+A loguwy (13) 
instead of 

y =B+A logur (14) 
it is necessary to plot y on the logarithmic axis instead of 
x to obtain a straight line. Thus there are two forms of semi- 
log plots that should be tried in any investigation to deduce 
an equation from empirical data. 

Sometimes different analytic relationships are usable as 
approximations over different ranges of variables. An ex- 
ample of this is shown in Fig. 8. By inspection it is apparent 
that, for values of x below A, 


y= 4021 = 2 (15) 
and for value of x larger than B, 


y = 100r? = (16) 


so that either Eq (15) or Eq (16) is a good approximation 
for the relationship of Fig. 8, depending on the range of 
interest. 

Some equations can be forced into a straight line on log- 
log or semi-log paper by adding or subtracting a constant 
to one variable. These equations are easily recognized be- 
cause they have straight line plots for large values of the 
variable to which the constant is to be added (or subtracted), 
but curved plots for small values of the variable to which 


100 
2 
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Fig. 9 — Effect of adding a constant to y. 


the constant is to be added (or subtracted). Thus, in the 
case of semi-log and log-log plots, it is often possible to 
straighten out a plot that is a curve and so deduce a fairly 
complex equation. This is illustrated in Fig. 9, where the 
original plot of y vs x, shown as a solid line, has been 
shifted to the dashed-line plot of y, vs x by adding 5 to each 
value of y. Since the equation for the solid line is 


y = 100 (17) 
x 
and 
FJouonr- 5 (17a) 
it can be seer that 
yn — 5 = 100 (18) 
z 
or 
on. (18a) 
n-s 


is the equation of the dashed line. 

It is not necessary that both scales of a graph be drawn 
to the same number of units per inch. Wherever possible, 
scale markings should be selected so that the curve is at 
about a +45 deg angle to the sides of the graph in order 
to obtain maximum accuracy in reading values from the 
graph. 

A point of interest is the fact that the probable error in 
reading a linear graph scale at any point on the graph is 
a constant number of units, but the probable error in read- 
ing a logarithmic scale at any point on the graph is a con- 
stant percentage of the value read. 


Graphs of Three or More Variables. If three 
variables are related and their relationship is graphed, the 
result is a family of curves. Figure 10 (a and b) shows 
the graph of 

y =x2+2z (19) 
in two of the six different forms that are possible in this 
case. Any point within the boundaries of the graph deter- 
mines a set of values of x, y and z that satisfies Eq (19). 
For example, at point A, 


z=1 

y=4 (20) 

z=1.5 
and if the values of any two of the variables are chosen, 
the value of the third is determined. A family of curves, 
such as shown in Fig. 10, is not easy to use and errors in 
reading values are common. This is particularly true for 
the usual case of a graph of three variables since the lines 
in the family are rarely either straight or evenly spaced. 
In the next section the use of nomographs to present three- 
variable relationships will be discussed. 
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Fig. 10 — Graph of three variables, 


Nomographs. A nomograph* is an arrangement of 
scales that expresses a relationship among two or more vari- 
ables. To use a nomograph to determine a set of values of 
variables requires drawing one or more lines on a prepared 
chart (nomograph) so that the line intersects the scales of 
the nomograph at selected values of independent variables. 
The resultant intersection of the line with dependent vari- 
able scales indicates the dependent variable values. This is 
illustrated in Fig. 11, which is a nomograph for the ex- 
pression 


y = 42 +32 (21) 


To use the nomograph of Fig. 11 to determine y if x = 1.25 
and z = —1, a line is drawn between x = 1.25 on the x 


* Also called an alignment chart. 
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Fig. 11 — Example of a nomograph. 
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Fig. 12 — Basic two-variable nomograph. 


scale and z == —1 on the z scale. The desired value of y is 
indicated by the point where the line crosses the y scale. 
In this case, y == 4.4. (In the nomographs discussed in this 
article all scales and construction lines will be straight 
lines). 

In the following sections, four basic nomographs will be 
explained. There are an infinite number of possible nomo- 
graph forms, but these four cover most of the common appli- 
cations and are very easy to understand and construct. In 
the case of each nomograph form, the basic nomograph will 
be illustrated in its most elemental form and examples of 
possible extensions will be illustrated. Due to space limita- 
tions, the geometric proofs of the basic nomographs are not 
shown.* 

e@ Two-Variable Nomograph. The two-variable nomograph, 
although a degenerate form of nomograph, provides a good 
introduction to the fundamentals of designing nomographs. 
Figure 12 shows the basic two-variable nomograph whose 
equation is 

P=Q (22) 
This basic nomograph consists of two contiguous, uniform 
linear scales ranging from 0 to 10. To use it, a straight line 
is drawn to intersect both the P and Q scales at a selected 
value of P or Q. For example, at P = 5.25, it can be seen 
that Q = 5.25. 

The basic nomograph of Fig. 12 can be extended to solve 
any equation of two variables that can be written in the form 


function of z = function of y (23a) 
or, in mathematical shorthand, 
f(z) = faly) (23b) 


As an example, temperature in degrees Fahrenheit (F) is 
related to temperature in degrees Centigrade (C) by 


F = 36 + 32 (24) 


This equation, which will be put in nomograph form, will 
be called the prototype equation. Since the prototype equa- 
tion is in the form of the basic nomograph equation, Eq 
(22), the nomograph can be constructed. 

The first step in constructing the nomograph is to com- 
pare the basic nomograph equation with the prototype equa- 
tion on a term-by-term basis. The equations are: 


P = Q (basic nomograph) (22) 
F =2¢ + 32 (prototype) (24) 
od 


it this data is desired, it can be found in Elements of Nomography, R. D. 
Douglass and D. P. Adams, McGraw-Hill Book Company, New York, 1947. 
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Fig. 13 — Development of a two-variable nomograph. 


From this comparison, it is apparent that the desired nomo- 
graph can be formed by the substitutions: 
F=PpP 25a) 
and 
zc +32=Q (25b) 
Equations (25a) and (25b) are called scale-factor equations. 
The second step toward nomograph construction is to sub- 
stitute number values for P and Q of 0 and 10 to determine 
the values of F and C at the end points of the nomograph 
scales. 
In this case, 


F=0OatP= (26a) 
F = 10 at P = 10 
C = -—17.78 atQ =0 (26b) 


= —12.22 at 0 = 10 
so that the end points of the nomograph scales are known, 
Figure 13(a) can then be formed from Fig. 12 by substitu- 
tion of Eqs (26a) and (26b). 

The nomograph can now be completed by dividing the 
F and C scales into major divisions by substituting integer 
values of F and C into Eqs (25a) and (25b), respectively. 


For example, using Eq (25b), C = —14 is located at 
2(-14) +32 = Q (27) 
or 
Q=6.8 


All major-division values of F and C can be similarly calcu- 
lated and indicated on the scales to give the completed 
nomograph shown in Fig. 13(b). Notice that the C scales of 
the nomograph in Fig. 13(b) were extended slightly beyond 
the Q@ = 0 to 10 range in order to improve scale legibility. 

Ordinarily, the range of variables and the end points of 
the scales will not be exactly what the user wants when 
only the above steps are followed, so two additional steps 
are needed. Step three is to adjust the range of variables. 
In Fig. 13(b), F has a total range of ten degrees. If it is 
desired to cover a wider range of F and C, say a 250-deg 
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range of F, the terms in the prototype equation corresponding 
to P and Q are multiplied by a range factor to form a new 
prototype equation. The range factor is the desired range 
of P needed to accommodate 250 deg divided by the present 
range of P needed to accommodate 250 deg. In this case, 
the desired range divided by the present range is 10 -- 250 
== 0.04, so that Eq (24) becomes : 


0.04F = 0.072C + 1.28 (new prototype equation) (24a) 
which is again compared on a term-by-term basis with the 
basic equation, . 


P=Q (22) 
to give a new set of scale factor equations 
P =0.04F (28a) 


and 


Q = 0.072C + 1.28 (28b) 
Equations (28a) and (28b) are then used to develop the 
nomograph shown in Fig. 13(c), which has the desired 
range. Thus the range of a nomograph is adjusted. 

The end points of the nomograph are also adjustable. This 
adjustment is the fourth step of nomograph construction. 
In Fig. 13(c) the nomograph starts at 0 deg F. If it is 
desired that the F scale start at —80 deg instead of at zero, 
a number, D, is subtracted from each side of the prototype 
equation. D is equal to the value of P when F equals the 
desired start-of-scale value. In this case, if F — —80 deg 
at the start of the scale. Eq (28a) yields 

D = P (at start of scale) = 0.04(—80) = —3.2 (29) 
so that the prototype equation now becomes: 


0.04F — (—3.2) = 0.072C + 1.28 — (—3.2) (24b) 


or 


0.04F + 3.2 = 0.072C + 4.48 
Equation (24b) is now used as the new prototype equation 
to develop the nomograph shown in Fig. 13(d), which has 
the desired range of values and end points. 
The five steps to construct a nomograph that were de- 
scribed above will hold for all nomographs to be discussed 
in this article. In each case: 


1. A prototype equation is compared to the basic nomograph 
equation on a term-by-term basis. 

2. Values of end points on the nomograph scale are determined. 

3. The prototype equation is multiplied by a constant, if neces- 
sary, to adjust the range of the nomograph and steps 1 and 2 are 
repeated. 

4. An amount is subtracted from the prototype equation, if 
necessary, to adjust the end points of the nomograph and steps 
1 and 2 are repeated. 

5. Integral values of the variables are marked off on the nomo- 
graph. 


Two-Variable Nomograph Example. Involved relationships 
between two variables can be put in nomograph form. As an 
example, the nomograph of y vs x for the prototype equation, 


y= aes 
7 1-2 
to cover values of x between 0 and 0.7 will be derived. 


Using the nomograph of Fig. 12, the basic nomograph equa- 
tion is: 


(30) 


P=Q (22) 
The first step determines the scale factor equations as: 
P=ay (31) 
and 
6 
= 3 
Q —- (32) 


Following the standard procedure, the second step deter- 
mines the nomograph end points as: 
y =OatP=0 
y = 2.155 at P = 10 (33) 


z= ©* at = 


z = 0.632 at Q = 10 





© Magnitude only. 
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The range of x is to be 0 to 0.7, not 0.632 to oo as indicated 
in Eq (33), so the third step is needed. Using Eq (32), 
at x = 0.7 

6 


Q= —. = 11.78 


34a 
1-0.7 om 


and at x = 0 
6 ‘ 
et _ =§ 34b 
Q yg scan (34b) 
so that the present range of Q is from 6 to 11.78 instead of 


0 to 10, the desired range. The prototype equation [Eq (31) ] 
is now modified by multiplying it by 


desired range _ 10-0. 








ign. = 1.79 (35) 
present range 11.78 — 6 
to give the new prototype equation: 
1.73y? = a Ee (30a) 
or 
10.4 
1.73y° = 
” 1-727 


so that the new scale factor equations are [by comparing 
Eq (22) to Eq (30a) ]: 
P = 1.73y8 
and (36) 
10.4 
Q 1-2 


The fourth step sets the end points. At the desired lower 
end point, x = 0, the value of D is found from Eq (36) 
to be: 





10.4 
D= = 10.4 
1-0 


Subtracting this amount from both sides of Eq (30a) gives 
the new and final prototype equation: 











1.73y* — 10.4 = 10-4 — 10.4 (30b) 
1 — 2’ 
and the final scale-factor equations: 
P = 1.73y5 — 10.4 (32a) 
and 
Q = 10:4 _ 10.4 (32b) 
1-2 


The fifth step is to calculate major scale division values 
of x and y and plot the nomograph as shown in Fig. 14. It 
is suggested that the reader do this step as an exercise. 

e@ The Parallel-Line Nomograph. The parallel-line nomo- 
graph is the most common nomograph. It is used to repre- 
sent a relationship among three variables. The basic form 
is shown in Fig. 15. The basic nomograph formula in this 
case is 

Q=P+R (37) 
To use the nomograph, a straight line is drawn across the 
three scales as shown by the dashed line. In this example, 
Q was known to be 9, R was given as 6, and it was desired 
to find P. The construction shows that P = 3. 

The basic parallel-line nomograph consists of three equally 
spaced parallel scales uniformly divided. The construction 
of a parallel-line nomograph for the case of an involved 
function is similar to the previously discussed two-variable 
nomograph. An example will point out the differences. 

Assume that it is desired to design a nomograph to solve 
for either x, y or z (given values of any two) if they are 
related by: 


az? + y? + 22 = 16 (prototype equation) (38) 


where x, y and z are to have a range of values between 1 
and 4. 
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The first step is to rewrite the prototype equation in a form 
similar to the form of the basic nomograph equation, Eq 
(33), as follows : 

(z*) = (16 — y') + (-2*) (38a) 

The term “16” could have been bracketed with the x or z 
term or split among the x, y, z terms, etc., with equal accu- 
racy. By comparing Eq (38a) with Eq (37) on a term-by- 
term basis, the following scale-factor equations result: 

= 2? 
=16-,/ (3% 
R= =? 

The second step is to calculate the end points of the 
scales. In anticipation of a probable change in range, the 
Q-scale end points will be calculated first. (Although any 
of the three scales can be set first, it is easier to freeze the 
design of the center scale first in all three-scale nomo- 
graphs). The end points in this case are 

atQ =0,7 =0 
at Q = 20,2 = 4.48 (40) 

The third step is to adjust the range. The range of x is 
from 0 to 4.48, and a range of x from 1 to 4 is desired. As 
before, the range calculation is made: 
atz =1,Q=1 
at z = 4,Q = 16 (41) 
desired range _ 20 — 0 
—_—$—<—$$<<—<= = —— = 1.33 
present range 16—1 


23 
0.7 
22 
x 0.6 
y x 
20——0.5 
0.4 
19 
0.3 
0.2 
ie ° 


Fig. 14 — Example of two-variable nomograph. 
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Fig. 15 — Basic parallel-line nomograph. 
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The new prototype equation is then Eq (38a) multiplied 
by 1.33, or 


1.332? = (21.33 — 1.33y*) + (—1.332*) (38b) 
and the new scale-factor equations are: 
Q = 1.332% (39a) 
P = 21.33 — 1.33y? (39b) 
R = —1.332 (39c) 
1—- ( P= 18.67) 
2 
4 (Q=20) 
"3 
es 
2 
1+ (Q=0) 
4 (P =-1.33) - (R =-1.33) 
2 
2 
3 
Fig. 16 — Parallel-line nomograph example. 
4 
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y 2 
3 3 
4 4 


Fig. 17 — Pivoted parallel-line nomograph. 


152 


The fourth step is to adjust the scale end points. Before 
adjustment, the end points of the x scale [based on Eq 
(39a) ] are: 

atz = 1,Q = 1.33 

atz = 4,Q = 21.33 (40) 
At the lower end point, @ = 1.33, so that 1.33 must be 
subtracted from the prototype Eq (34b). The new proto- 
type equation is now: 

(1.332? — 1.33) = (20 — 1.33y*) + (—1.33z*)  (38c) 

At this point the subtraction of 1.33 could be from either 
term on the right side of the equation. The new prototype 
equation, Eq (38c), leads to a new set of scale-factor 
equations: 

P = 20 — 1.33y? 

Q = 1.332? — 1.33 (41) 

R = —1.332 
which are then used to plot the completed nomograph of 
Fig. 16 from the basic nomograph of Fig. 15. Notice in Fig. 
16, that, although x fell within the preset bands of Q@ = 0 
to Q@ = 20, the y and z scales did not fall within their 
limits. This could have been predicted if the end points 
had been calculated from Eq (41) for each scale prior to 
constructing the nomograph. It is a good idea when con- 
structing any nomograph to plot the end points first to mini- 
mize the amount of work that must be redone. 

The nomograph of Fig. 16 is a perfectly good nomograph, 
but it can be improved if the y scale is lowered about 10 
units and the z scale is raised about 10 units. To lower the 
y scale by 10 units it is necessary to subtract 10 units from 
the y term in the prototype equation; to raise the z scale 
by 10 units is is necessary to add 10 units to the z term in 
the prototype equation. This can be done as follows: 

Old prototype equation: 

(1.332? — 1.33) = (20 — 1.33y?) + (—1.332z*) (38c) 
0= —10 +10 


New prototype equation: 


(1.332? — 1.33) = (10 — 1.33y*) + (10 — 1.332%) (38d) 
Equation (38d) results in the nomograph of Fig. 17. For 
obvious reasons, the operation of going from Fig. 16 to Fig. 
18 is called “pivoting.” 

[As was learned the hard way in the above example, the 
three-variable nomograph has a height determined by all 
three of the scales. The writer believes, however, that it 
is easier to design the nomograph for the middle scale, 
calculate the end points of all scales, plot the end points 
and pivot and compress the nomograph if necessary rather 
than juggle all the variables at once in an effort to optimize 
the design before drawing anything.] 

To compress the nomograph of Fig. 17, it is merely neces- 
sary to multiply the prototype Eq (38d) by a range factor 
equal to the height reduction desired. The resultant nomo- 
graph will be compressed while leaving the bottom of the 
center scale at the same point. 

To summarize the procedure used to draw a parallel line 
nomograph: 

1. Compare the prototype equation with the basic nomograph 
equation to determine the scale factor equation. 

2. Compute values of end points on the center nomograph scale. 

3. Adjust the center-scale range if necessary and repeat 1 and 2. 

4. Adjust the center-scale end points if necessary and repeat 
1 and 2. 

5. Plot the end points for all scales. 

6. Pivot the scale if necessary and repeat 1 and 5. 

7. Compress the scale if necessary and repeat 1 and 5. 

8. Draw the nomograph. 


Extending the Parallel-Line Nomograph. The parallel- 
line nomograph can be extended to cover many cases of 
product and exponential equations by transposing the pro- 
totype equation into an f,(x) = f.(y) + f,(z) form. For 
example: 

gz? = yiltz (42) 
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Fig. 18 — Basic parallel-line nomograph with uneven spacing. 


can be transposed by taking the logarithm of both sides 
to yield: 


2 logiz = F loguey + logioz (43) 


which is in the necessary form to construct a basic parallel- 
line nomograph. 


As another example: 

e* =2*/4y (44) 
can be transposed to: 

xz = 2 log.z — log.4 — log.y (45) 
Thus, although the basic parallel-line nomograph has a 
humble addition formula as its equation, it is very versatile. 
A variation of the parallel-line nomograph of Fig. 15 is a 
nomograph with uneven spacing between adjacent scales 


as shown in basic form in Fig. 18. The basic equation for 
Fig. 18 is 


2b 2a 
Coste taya" _ 
where a and 6 are the spacings shown. Except for spacing 
between scales, the construction and use of this nomograph 
is the same as the basic parallel-line nomograph. If a = b 
in Eq (46), the equation reduces to 


Q=P+R (37) 


In Fig. 18, 6 == 2a and the equation of the example 
drawn is 


4 2 
Q a +g (47) 


An example will show the benefit of an uneven-spacing, 
parallel-line nomograph. If the nomograph of Fig. 18 is 
used to develop a nomograph for the previous example 
whose prototype equation was 


(1.332? — 1.33) = (10 — 1.33y*) + (10 — 1.332%) (38d) 
then the term-by-term comparison of Eq (38d) with the 


basic equation of the nomograph [Eq(47) ] yields the follow- 
ing scale-factor equations: 


Q = 1.33z? — 1.33 (as before) (48) 

P = 7.5 — y* (new) (49) 
and 

R = 15 — 227 (new) (50) 
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which result in the nomograph of Fig. 19. A comparison of 
Fig. 17 with Fig. 19 shows that, as the center scale was 
moved closer to one scale, the scale so favored shrank and 
the remaining outside scale stretched. This technique is of 
use if it is desired to expand or contract one of the outside 
scales of a parallel-scale nomograph more than the other. 
One reason for this operation is to expand a crowded 
scale for increased readability. Another reason will be dis- 
cussed later in the section on compound nomographs. 

e N-Diagram Nomograph. The N-diagram nomograph is 
for products among three variables. The basic form is shown 
in Fig. 20. The basic nomograph formula in this case is 

R=P.Q (51) 
To use the nomograph, a straight line is drawn across the 
three scales as shown (in this case to find P if it is known 
that R = 4 and Q = 0.5). To construct this nomograph, it 
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Fig. 19 — Example of nomograph with uneven spacing. 





R=P-Q 


Fig. 20 — Basic N-diagram nomograph. 
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is first necessary to mark off P and R scales uniformly 
from 0 to 10 as shown, with P ascending and R descending. 
A straight line connecting their zero points is the Q scale. 
The @Q scale is marked off from the P and R scales by the 
construction of rays from P = 1, 2, 5, etc., to integer values 
of the R scale. Figure 21 shows the construction to find the 
points where Q = 0.2 and Q = 4. 

The Q scale of the N nomograph goes from zero to in- 
finity at the point where it intersects the P scale. For all 
practical purposes, the scale is ended at Q = 10 since 
higher values of Q are too crowded together to permit ac- 
curate scale marking or reading. 








y 
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‘ 0.03 
x 0 
0.04 Y 
0.3 
0.05 
0.2 0.06 





°> 


Fig. 23 — Partial N-diagram nomograph. 
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As before, the prototype equation must be put in the 
form of the basic nomograph equation as the first step 
in nomograph construction. As an example, an N nomograph 
will be constructed to solve: 


x = 322 (52 


where x, y and z all range from zero to one. The first step 
is to convert the prototype equation, Eq (52), into a form 
similar to that of the basic nomograph equation. 

R=P.Q (51) 
In this case, Eq (52) can be converted to a new prototype 
equation: 


yi? = Bz) (2) (52a) 
so that the scale factor equations are: 
R=yir (53) 
P = 3z (54) 
Q=2 (55) 


The second step is to calculate the end points of each 
scale. Since all scales of the N diagram start at zero, only 
the highest values of each variable need be calculated to 
determine what scale expansions or compressions are needed. 
In this case: 

aty=1R=1 

atr =1,P=3 (56) 

atz=1,Q=1 
In this example it is desired that R, P and Q all equal 10 
at y, x and z = 1, so that the y and z scales should be ex- 
panded by 10 times and the x scale should be expanded by 
3% times. Multiplying each term of the prototype Eq (52a) 
by the desired range factor would give: 

(10y'”) = [(3.33)(3z)}-(102*) (52b) 
but this is not a valid equation since it is not equivalent to 
Eq (44a) because it was derived by multiplying one side 
of Eq (52a) by 10 while the other side was multiplied by 
33%. An acceptable prototype equation might be: 

( 33 \w 2 = (10z)(102) (52c) 
Since the x and z terms were multiplied by the numbers 
desired, their ranges will be the desired range. The range 
of y will be less than desired. The new scale-factor equations 
are now determined by a comparison of Eqs (52c) and (51) 
to be: 


R= ( 33.2)» (56) 


P = 10z 

Q = 102% 
Solving these equations for major scale division values of 
x, y and z and plotting these values on the basic nomograph 
of Fig. 20 gives the final nomograph of Fig. 22. 

Notice that, in the above example, some flexibility was 
possible in adjusting the ranges of the various scales. 
Notice also that it was necessary to modify the prototype 
equation because the limits given for x, y and z were not 
consistent. This is usually the case. When this happens, the 
nomographer must consult with the originator of the prob- 
lem to determine what limits to change in designing the 
nomograph. Sometimes the range of variables used is such 
that only part of the N diagram is shown, giving the appear- 
ance of a parallel-line nomograph drawn askew. As an 
example, Fig. 23 shows the nomograph of Fig. 22 drawn 
for a limited range of variables. 

e V-Diagram Nomograph. The V-diagram nomograph is 
particularly suited to equations that involve reciprocal re- 
lationships. The basic form is shown in Fig. 24(a). The 
basic nomograph formula in this case is 


eae 
R-~Pt@ 
To use this nomograph, a straight line is drawn across the 


(57) 
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scales as shown in Fig. 24(c) for the case where P = 3, 
R = 2 and 0 = 6. 

The V-diagram nomograph of Fig. 24(a) is constructed 
by drawing three axes spaced 60 deg apart and uniformly 
dividing all scales starting at zero at the junction. An alter- 
nate form in shown in Fig. 24(b). In this form, the axes 
are 45 deg apart and the spacing between marks on the 
center axis is 1.414 times the spacing between marks on 
the side axes. 

The procedure used to design a nomograph of the 
V-diagram type follows prior developed methods. This will 
be illustrated by an example. Assume that the prototype 
equation is 


sin 2 (5- 0.5) «1 (58) 


where x ranges from 0 to 45 degs and y ranges from 0 to 2. 

Again, the first step is to rearrange the prototype equa- 
tion to be of the same form as the basic nomograph equa- 
tion. In this case, Eq (58) can be expressed in the form: 


ome = a ob fe 

(sn z) (y) (-—2/2) 

As usual, the scale-factor equations are established by 

a term-by-term comparison between the prototype Eq (58a) 
and the basic nomograph Eq (57) to yield: 


R=sinz 


Pe=y 
Q = -—2/z 
The second step is to calculate the end points of each scale. 
Like the N diagram, all scales in the reciprocal-sum diagram 
start at zero. The end points as calculated from Eq (59) are: 
aty = 2,P =2 (60) 
at z = 45 deg, R = 0.707 
The range for z was not specified; hence the end points 
of the z scale were not calculated. It is desired that the P 
scale expand by a factor of 5 to use the full 10 units of the 
P scale and that the R scale expand by a factor of 7.1 to use 
all 5 units of the R scale. Because the right side of Eq (57) 
in this case is the sum of two terms, each scale must be ex- 
panded by the same factor. Individual scales cannot be 
expanded by different factors as was the case in the N 
diagram. In order to have the full desired range of variables 
on the diagram, the lesser of the calculated expansions will 
be used and the prototype Eq (58a) will be expanded by 
a factor of five to yield: 


(58a) 


(59) 


Sos 1 
(sinz) 5y + 5-272) ee 
™ Pe oe ae 
(Ssinz) 5y ' (—10/2) 


(Notice that, since the terms in the prototype equation that 
correspond to P, R and Q are in the denominator, expan- 
sion is accomplished by dividing the prototype equation by 
the desired expansion.) Comparing the new prototype equa- 
tion, Eq (58b), with the basic prototype equation, Eq (57), 
yields the final scale factor equations: 


R=5sinz 

P = 5y (61) 
and 

g = =10 


Zz 


which are plotted in V-diagram form in Fig. 25. 

It will be noticed that the range of the x scale exceeds the 
required range of 45 deg. If 45 deg represents a maximum 
safe limit for x, the scale can be stopped at 45 deg as an 
automatic reminder that this value is not to be exceeded in 
any calculation using the nomograph. Since the magnitude 
of z becomes infinite at the origin, a gap is put in the z 
scale to prevent ambiguity among scale markings at the 
origin. 


SEPTEMBER 1960 





-NWDAUAMANDAWO 


(b) 





0 12345678 910 


(c) 





O 1234 56 7789.10 
a 


Fig. 24 — Basic V-diagram nomograph. 
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Fig. 25 — Example of V-diagram nomograph. 


e Compound Nomographs. Relationships among more 
than three variables can be put into nomograph form by 
two simple extensions of the techniques discussed previously. 
The first technique is to merge two or more nomographs as 
illustrated in Fig. 26. In Fig 26(a), two nomographs have 
been constructed to solve a relationship among five variables: 
x, Y, z, w and u. It is assumed in this case that the relation- 
ship can be expressed in the following form: 

I. fily) = fez) + Sa(z) (62) 

Il. fw) = fo(u) + fa(z) 
(A breakdown of this type can usually be made for en- 
gineering problems.) In constructing the two nomographs of 
Fig. 26 (a), care is taken to have the z scales identical in 
both. The use of unevenly spaced parallel-line nomographs 
is a helpful technique for making the scales identical. If 
the z scales are identical, the nomographs of Fig. 26(a) can 
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Fig. 26— Compound nomograph construction. 
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be joined as shown in Fig. 26(b). To use the nomograph 
of Fig. 26(b), straight lines are drawn to intersect known 
or desired values on each axis and care is taken to see 
that both construction lines intersect the same point on the 
z axis. As a guide to the use of the completed compound 
nomograph of Fig. 26(b), a circle or similar mark is placed 
at the end of each axis that is the terminus of one or more 
construction lines. 

Compound nomographs can include different types of 
nomographs and can be extended to any number of variables. 
As an example, Fig. 27 shows a compound nomograph 
whose component nomographs have the following basic 
equation forms: 

fi(z) = folx) - fay) 
fw) = f(z) + f(a) 
1/fo(h) = 1/fs(u) + 1/fr(g) 

The second technique used to form compound nomographs 
consists of introducing intermediate variables. An example 
of this technique is illustrated in Fig. 28, which shows the 
construction for a multi-variable equation of the form 

fi) = fo) + fy) + fw) + few) (64) 
This equation can be put into parallel-line nomograph form 
by introducing two intermediate variables, j and k, to permit 
rewriting Eq (64) in the forms 


(63) 
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fi(z) = fj) + Fk) r oF 
HG) =f). +hy) 

Sk) = fw) + fe(u) 
which can be nomographed as indicated in Fig. 28(b). 
Notice that the 7 and k scales are not marked in the com- 
posite nomograph of Fig. 28(b). Since the values of j and k 
are of no interest as either input or output values in using 
the nomograph, they are not indicated. It is important only 
that the two j scales of Fig. 28(a), for example, be the 
same before they are merged to form the final diagram of 
Fig. 28(b). 

The value of a nomograph can be greatly enhanced by 
indicating on the nomograph (by symbols or side notations) 
any values of variables that should be used or should be 
avoided. Thus, standard or preferred values can be indicated 
as well as points where price is strongly influenced or ranges 
of variables that would produce unsafe designs. One subtle 
approach to indicating forbidden values of variables is to 
erase the part of the scale that contains such values. OOO 


rr 
(65) 
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THE BASIC PARAMETERS of nuclear-radiation conditions 
relative to damage effects on materials have already 
been covered in the Literature (1-8).* Therefore, only a 
short statement on radiation exposures under test condi- 
tions will be made here. Within reactors, materials may 
see radiation flux as follows: 


fast neutron—10* to 1014 n/cm?-sec 
thermal neutron—10* to 10'* n/cm?-sec 
gamma photon—10° to 10%? r/hr 


Outside the primary reactor shield (9), insulating ma- 
terials may see fluxes of: 


total neutron—10° to 10° n/cm?-sec 
gamma photon—10‘ to 10° r/hr 


These figures represent the most probable intensities 
that may be met in reactor design. They should not 
be construed as being definite limits. 

Radiation is a relatively new ambient condition, but 
it has been in existence long enough to influence design 
engineering reappraisals of materials to meet its chal- 
lenge. Extrapolation of materials’ behavior from per- 
formance under other well-known conditions may not 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Insulation 


be validly made to those of nuclear radiation. For in- 
stance, the thermal aging characteristics of TFE fluoro- 
carbon are excellent. However, when the same material 
is exposed to radiation energies, its mechanical proper- 
ties are so rapidly degraded that its function as an 
insulator becomes questionable. 

This report will examine the electrical properties of 
insulating materials in a nuclear radiation environment 
and changes in these properties due to radiation energies. 
Results are reported as data from studies conducted 
and interpreted by the Insulation Section, Naval Research 
Laboratory. 


Measurements 


Measurements of the effects of irradiation on electrical 
properties of insulating materials have included identical 
procedures on unirradiated samples or on the same 
samples prior to irradiation to furnish information on 
unirradiated samples as a reference. Measurements of 
capacitance, per cent dissipation factor, d-c resistance, 
corona starting voltage, electric strength and thermal 
life have been made on a wide variety of materials. 
In some instances, the measurements have been made 
during the actual irradiation, in other cases after re- 
moval from the radiation field. Combinations of these 
measurements have been made to bring the procedure 
full cycle. 

The materials were irradiated in the NRL 2500 and 
1800 Curie Co-60 sources with the exception of several 
of the capacitance and per cent dissipation factor ex- 
periments and the corona starting voltage experiments 
in which the materials were irradiated with the NRL 
2-mev Van de Graaff electron generator. 


Discussion of Effects 


Measurements of the capacitance, per cent dissipation 
factor and d-c resistance during periodic removals from 
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Fig. 3 — Dependence of the degradation of thermal life on dose 
rate and irradiation dose for unvarnished polyvinyl formal. 
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Fig. 4—Measurements made on polyethylene terephthalate with 
specified dose rates for different dosages of irradiation. 
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Frequency: |OO cps 

Rate: 103,000 r/hr 

Thicknesses:0.005 in. 
.008 in. 


Per cent change in capacitance 
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Fig. 2— Measurements of capacitance and per cent dissipation 
factor as functions of dosage for polyethylene. 


<« 
Fig. 1— Measurements of capacitance and per cent dissipation 


factor during periodic removals from radiation field for poly- 
ethylene. 


the radiation field were made on polyethylene (Fig. 1), 
cellulose acetate, cellulose nitrate, polyester film, tetra- 
fluoroethylene, silicone-bonded glass, mica and asbestos 
composite materials, butyl (d-c resistance only), neo- 
prene, polyvinyl formal, silicone-varnish films, poly- 
vinyl chloride (plasticized), and polyvinyl chloride (un- 
plasticized). 

In order to determine the influence of specimen thick- 
ness, radiation dose rate, and type of electrodes on elec- 
tric properties which have heretofore been considered 
as functions of dosage alone, detailed studies of these 
parameters have been made on polyethylene. In addi- 
tion, reproducibility tests have been conducted on poly- 
ethylene while the recovery (or non-recovery) of elec- 
tric properties during the post-irradiation period has 
been studied utilizing polyethylene and polyvinyl chloride 
(unplasticized ). 

Samples of polyethylene and tetrafluoroethylene have 
also been subjected to the much more intense electron 
field of the NRL Van de Graaff generator. Measurements 
of capacitance, per cent dissipation factor (Fig. 2) and 
corona starting voltage of the polyethylene and of the 
corona starting voltage of the tetrafluoroethylene were 
made as functions of dosage. 

The electric strengths of magnet-wire twists (10), 
varnished and unvarnished, following removal from a 
gamma radiation field have been measured for various 
dosages. The results have been studied for tetrafluoro- 
ethylene, silicone tetrafluoroethylene, polyester-polyamide 
enamel, polyvinyl formal-nylon combination, polyester 
enamel, silicone enamel, epoxy, silicone-glass, Dacron- 
glass and polyvinyl formal. 

The thermal aging lives of varnished magnet-wire 
twists after exposure to various dosages of gamma radia- 
tion at constant dose rates have been examined as func- 
tions of dosage for tetrafluoroethylene, silicone tetra- 
fluoroethylene, polyester-polyamide enamel, polyvinyl 
formal-nylon combination, polyester enamel, silicone 
enamel, epoxy, isocyanates, Dacron-glass insulations, 
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Fig. 5 — Per cent change in capacitance and per cent dissipation 
factor as functions of dosage for 0.005 in. and 0.010 in. thick 
polyethylene at 1000 cycles. 
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Fig. 6 — Per cent change in capacitance and per cent dissipation 
factor as functions of dosage for 0.005 in., 0.008 in. and 0.010 in. 
thick polyethylene at 10,000 cycles. 





and silicone-glass. In more detailed tests, varnished and 
unvarnished polyvinyl formal magnet-wire twists have 
been irradiated at different dose rates to several dosages, 
thus enabling the thermal aging life to be presented as 
a function of dosage with dose rate as a parameter. 

Figure 3, for unvarnished polyvinyl formal, shows 
the dependence of the degradation of thermal life on 
the dose rate as well as the irradiation dose. Although 
the two higher dose rates give comparable degradations 
throughout the range considered, the lowest dose rate 
gives much larger degradations at the higher doses than 
the other two dose rates. 

Most of the problems involved in the instrumentation 
for this work arose from the relative inaccessibility of 
the radiation fields and from their effect upon any 
apparatus placed within them. For instance, shielding 
requirements dictated the placing of the Co 60 at the 
bottom of a 12-ft pool of water. This necessitated seal- 
ing the samples in small water-tight cans and placing 
these cans under water for exposure to the Co 60. This 
complicated the problems of measurements conducted 
during the actual irradiation because of the limited space 
available for attaching electrodes and leads to the small 
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Figs. 7, 8 and 9 — Per cent changes in capacitance and per cent 
dissipation factor for polyethylene as functions of dosage, with 
the dose rate as a parameter, specimen thickness and a-c fre- 
quency of measurement being constant. 


samples, and the need to bring necessary insulated leads 
out of the source through the 12 ft of water. In addi- 
tion, the measuring equipment had to be of such nature 
and so arranged as to void any radiation effects on the 
parts of it in the radiation field. Although no measure- 
ments were made in the Van de Graaff electron field, 
difficulties were encountered in preparing and placing the 
specimens in the electron beam so as to achieve substan- 
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tially uniform irradiation throughout each sample, as 
well as from sample to sample. 

A study was done on polyethylene terephthalate (11) 
wherein a specified dose rate was applied for different 
dosages of irradiation to learn whether the rate is a 
sensitive parameter in the observed effects. The dielectric 
constant and loss were found relatively insensitive to 
the effects of radiation. However, the electric strength, 
Fig. 4, displayed a considerable modification of charac- 
teristics at a higher dose rate. The effect of irradiation 
is considerably reduced at the higher rate. 

A number of plastic films was irradiated in sealed 
cans in the NRL 2500 Curie Co-60 source, and post- 
irradiation measurements of capacitance, dissipation 
factor, and d-c volume resistance were made. A-C meas- 
urements of capacitance and dissipation factor were 
made at 100, 1000, 10,000 and 100,000 cps with a 716-c 
General Radio capacitance bridge. The d-c resistance 
measurements were, for the most part, made with a 544-B 
General Radio megohm bridge for resistance measure- 
ments up to 10'* ohms. Higher resistances were measured 
either with a Beckman Ultrohmeter or a NRL-constructed 
Wheatstone bridge with the Beckman Ultrohmeter as 
the detector. The dissipation-factor measurements of 
thick plates of polyethylene were made with the General 
Radio dielectric sample holder, Type 1690-A, using 
0.0035-in. lead foil for the specimen contacts. Cylindrical 
electrodes without lead foil were used for all other 
measurements. 

Figures 1, 2, and 5 through 14 give the results of a 
detailed study of polyethylene. Fig. 1 gives the capaci- 
tance and per cent dissipation factor as functions of 
dosage, with the measuring frequency as a parameter, 
and the specimen thickness and radiation dose rate being 
constants. In order to investigate the influence of speci- 
men thickness on the effect of radiation on the electrical 
properties shown in Fig. 1, specimens of three different 
thicknesses of polyethylene were exposed to identical 
tests in the Co-60 source. Figs. 2, 5 and 6 give the per 
cent changes in capacitance and per cent dissipation 
factor as functions of dosage with the sample thickness 
as a parameter, the dose rate of irradiation being con- 


stant. The illustrations show the results for three different 
a-c frequencies of measurement —100, 1000 and 10,000 
cps. In order to investigate the influence of radiation 
dose rate on these electrical properties, identical speci- 
mens of polyethylene were exposed to four different dose 
rates in the Co-60 source. Figures 7, 8 and 9 give the 
per cent changes in capacitance and per cent dissipation 
factor as functions of dosage for the same three a-c 
frequencies, with the dose rate as a parameter, and the 
specimen thickness being constant. The illustrations show 
the results for the four different dose rates. Reproduci- 
bility of these results is checked in Figs. 10 and 11, each 
giving the absolute changes in capacitance and per cent 
dissipation factor for two identical tests. The specimen 
thickness and dose rate are different in the two illustra- 
tions. 

Two new specimens of polyethylene, exposed to the 
same dose rate, had measurements made at intervals 
during the exposure. A different electrode system was 
used for each specimen. One had silver-paint electrodes 
which remained on the specimen throughout its ex- 
posure. The other had lead-foil electrodes which were 
removed after each measurement, with the specimen 
being wiped clean of petrolatum. Figure 12 gives the 
dielectric constant and dissipation factor of the two 
specimens as functions of dosage. This figure shows that 
the dielectric constant measured with the removable 
electrodes increases with dosage, while that of the per- 
manent electrodes remains constant. In both cases, the 
dissipation factor rises about the same with dosage. 


Post-Irradiation Effects 


In another test, series of electrical measurements was 
taken on the previously discussed polyethylene films 
after the irradiation period in order to observe post- 
irradiation effects. Figures 13 and 14 give the per cent 
changes in capacitance and per cent dissipation factor 
as functions of post-irradiation time, with the total 
dosage as a parameter; the specimen thickness, a-c fre- 
quency of measurement, and dose rate being constants. 
The two figures give results for different dose rates. 
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Figs. 10 and 11— Reproducibility check of results given in Figs. 7, 8 and 9 for polyethylene showing absolute changes in 


capacitance and per cent dissipation factor. 
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Figs. 13 and 14— Per cent changes in capacitance and per cent dissipation factor as functions of post-irradiation time with total 
dosage as a parameter. Specimen thickness, a-c frequency of measurement and dose rate are constants. 
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Fig. 12 — Dielectric constant and dissipation factor as functions 
of dosage for two specimens of polyethylene with lead foil and 
silver-paint electrodes. 





Figure 15 gives the d-c resistance as a function of 
dosage for polyethylene terephthalate. This irradiation 
was performed at 0.6 megaroentgen/hr. 

Specimens of commercial polyethylene were uniformly 
irradiated with the NRL Van de Graaff generator with 
2 mev electrons over an area of approximately 9 sq in., 
and capacitance and dissipation factor measurements 
were made at various intervals of time. The specimens 
were removed from the radiation field during the elec- 
trical measurements and then returned until the next 
measurement. The tests were terminated when the films 
failed mechanically, caused, for the most part, by the 
repeated application and removal of the electrodes. 
Figures 16 and 17 give the capacitance and dissipation 
factor for two a-c frequencies of measurement as func- 
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Fig. 15—D-C resistance as a function of dosage for poly- 


ethylene terephthalate, 
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Fig. 17 — Per cent dissipation factor for two a-c frequencies of 
measurement as functions of dosage at 1.95 megarads/min. 
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Fig. 16 — Capacitance for two a-c frequencies of measurement 
as functions of dosage at 1.95 megarads/min. 





tions of dosage at 1.95 megarads per minute. 

Figures 18 and 19 show the effect of 2 mev electron 
irradiation on the corona starting voltages of 5-mil 
polyethylene and 10-mil tetrafluoroethylene, respectively, 
at a dose rate of 1.95 megarads per minute. The poly- 
ethylene data were obtained for different specimens (of 
the same batch) exposed to different dosages. The tetra- 
fluoroethylene data were obtained by repeated corona 
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Fig. 18 — Effect of 2-mev electron irradiation on the corona 
starting voltages of 5-mil polyethylene at a dose rate of 1.95 
megarads/min. 
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Fig. 19 — Effect of 2-mev electron irradiation on the corona 
starting voltage of 10-mil tetrafluoroethylene at a dose rate of 
1.95 megarads/min. 
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tests on the same specimen. 

A statistical study of the electric strength of various 
insulations under gamma irradiation was conducted. 
Twenty specimens of each type of insulation were pre- 
pared with electrodes and leads attached. They were 
covered with beeswax, placed in blocks of ten speci- 
mens each, and covered again with beeswax. The elec- 
trodes used on these specimens were of two types— 
0.3-mil lead foil attached with silicone grease, and 
evaporated aluminum films. One block (ten specimens) 
of each type of insulation was placed in the Co-60 
source (0.6 megaroentgen per hour), while the other 
was used as an unirradiated control set. Immediately 
after being placed in the radiation field, the irra- 
diated specimens, as well as the control specimens, 
were broken down with a 0-14 kv, 60-cycle a-c power 
supply having a voltage-rise rate of 350 volts per sec. 
For each of the groups, the average electric strength at 
breakdown, the root-mean-square deviation o, and the 
coefficient of dispersion S were calculated. The statistical 
significance of the difference between the average break- 
down strength of the corresponding irradiated and un- 
irradiated groups was checked by means of the “t” 
test." The accompanying table gives the results of this 
study. Because of the peculiar electrode systems neces- 
sarily employed, only changes in the data reported are 
meaningful. 

A detailed study (12) of a wide variety of magnet- 
wire insulations has shown the varying radiation toler- 
ances of the insulations, both in electric strength and 
thermal life. 

The extent of the radiation damage ranges all the 
way from very little damage in the polyester combina- 
tions to essentially total destruction of the tetrafluoro- 
ethylene combinations. The modified polyester, silicone 
enamel, glass-served silicone, polvvinyl formal, poly- 
vinyl-formal nylon combination, and epoxy combinations 
all demonstrate intermediate tolerances. 

Still another study, on the effects of radiation on the 
electric strength of air (13), has shown that intense 
radiation has almost negligible effects on the electric 
strength of air subjected to d-c, 60 cycle a-c, or one- 
microsecond pulses at repetition rates of 100, 200 and 


* Statistical Methods for Chemical Experimentation, W. L. Gore, Interscience 
Publishers, Inc., N. Y., 1952 
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500 per sec. It is expected that the electric strength of 
air, when subjected to microsecond pulses of much 
lower repetition rates, will show significant changes. 
This effect is currently being investigated. 


Conclusions 


Although radiation effects are usually considered pri- 
marily as functions of dosage alone, this report illus- 
trates the dependence of the electrical characteristics of 
materials on a variety of other parameters. The param- 
eters and experimental conditions discussed and _ illus- 
trated include the dose rate effect, the effect of time after 
removal from the source on post-irradiation characteris- 
tics, surface effects, the effect of using different types of 
electrodes for detection and measurement, and the effects 
of combined ambient conditions as opposed to successive 
ambients. 

Therefore, it can only be concluded that experiments 
investigating the effects of radiation on the electrical 
properties of materials must be very carefully designed, 
executed, and interpreted, keeping constantly in mind 
the effects of the foregoing parameters and ambient 
conditions. Parameters which might lead to results dif- 
ferent from those prevailing under the actual conditions 
must be eliminated. The experiment must then he very 
carefully conducted to insure that there is no variation 
of parameters or ambient conditions which might in- 
fluence the results obtained. o0°0 
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Material 





Polyethyl- 
ene 


Poly- 
ethylene 
tereph- 
thalate 


Poly- 
ethylene 
tereph- 
thalate 





Tetrafluoro- 
ethylene 


Polyvinyl 
chloride 


Organic 
varnish 
impreg- 
nated 
glass 
fiber 


Tetrafluoro- 
ethylene* 


Silicone 
varnish 
impreg- 
nated 
glass fiber 





Rope 
acetate* 


Fish paper* 


Electric Strengths of Insulating Materials 


Irradiated 





: 5 mil 


7.8% 


1478 v/mil 
0.47% 
+64 v/mil 
+4.3% 
0.094 


2 mil 

2733 v/mil 
11.6% 
+220 v/mil 


+8.0% 
1.749 


2.75 mil 
1790 v/mil 
5.5% 

+730 v/mil 
+41% 
0.281 


4 mil 

1374 v/mil 
1.9% 

+66 v/mil 
+4.8% 
0.264 


6 mil 


1.011 


3 mil 
3490 v/mil 


3.4% 
+136 v/mil 
+17.2% 
0.414 


16 mil 

550 v/mil 
10.4% 
+101 v/mi' 
+18.4% 
1.676 


7 mil 

740 v/mil 
52.7% 
+222 v/mil 
24.8% 
6.214 


Unirradiated 





Thickness : 5 mil 
1396 v/mil |Breakdown: 1514 v/mil 


: +283 v/mil 
: 18.7% 





5 mil 
1471 v/mil 


+127 v/mil 
+8.6% 

2 mil 

2553 v/mil 
+218 v/mil 
+8.5% 


2.75 mil 
1696 v/mil 


+642 v/mil 
+38% 


4 mil 
1401 v/mil 


+194 v/mil 
+14% 


6 mil 
811 v/mil 


+285 v/mi 
+35% 


3 mil 
2638 v/mil 


+778 v/mil 
+30% 





6.5 mil 
819 v/mil 


+152 v/mil 
+18.6% 





16 mil 
614 v/mil 


+55 v/mil 
+9.0% 





7 mil 
1565 v/mil 


+230 v/mil 
14% 





* Deposited electrodes. 








Connectors for 
Flat-Conductor 
Flexible Cables 


WILHELM ANGELE 
MarsHALt Space FiuicHt CENTER 
Redstone Arsenal, Alabama 


Application of flat-conductor flexible cable 
systems is relatively simple, but requires 


car ef ul attention to detail. Connectors must FLAT-CONDUCTOR flexible cable systems offer a consider- 


able degree of design advantage as compared with con- 
ventional wire. Types of flat cable structure and their per- 
formance characteristics were discussed in the preceding 
article.* A summary of advantages and limitations is 
given in the accompanying chart (Table I). Application 
methods and connector techniques will be discussed here. 


be specially designed. Both problems are 
discussed in this concluding part of a two- 


part article. (Part 1 appeared in the August 


*See “‘Flat-Conductor Flexible Cables,’ Wilhelm Angele, p 74, August 1960 
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issue. ) 


Table 1—Resumé of Advantages of the Flat-Conductor Cable System 


e Cable Preparation: In flat-con- 
ductor cable, it is necessary only to cut 
off any required length of conductor 
configuration (say 5 ft, 25 conductors) 
from a continuous length of cable. On 
the other hand, in conventional multi- 
wire cable structures, each individual 
wire has to be cut to length, bundled, 
laced or pulled into a protective tubing 
or sheath. 


e Cable Termination: In a flat- 
conductor cable all conductors are 
machine-stripped in one operation, then 
gold-plated and applied to a bracing 
plate or connector insert. No numbering 
or other coding is required. The insert 
can also be integrally molded into the 
cable, instead of being cemented, if the 
latter step is not desirable. With con- 
ventional cable, each wire has to be 
stripped, coded for identification, and 


soldered to a specific pin or bushing. 
Each operation is by hand. Continuous 
inspection is required. 


e Installation: By virtue of its 
pressure-sensitive adhesive backing, the 
flat-conductor cable can be installed 
with ease by pressure against a suitable 
supporting element. Conventional wire 
bundles have to be secured by clamps, 
screws or other fastening devices. 


e Weight Saving: In applications 
where wire size is selected for mechan- 
ical strength rather than for electrical 
characteristics, the flat-conductor cable 
is preferable. Despite a smaller copper 
cross section, it provides greater 
strength than electrically comparable 
conventional cable. The greater strength 
is a collective strength, derived from 
the multiple conductors and_ the 


strong plastics insulation (usually 
the physically tough Mylar polyester 
tape). Effective means for heat dissipa- 
tion can be used as a further means to 
reduce weight since less copper will be 
needed in the conductors. However, no 
weight saving in copper should be ex- 
pected where voltage drop is a critical 
parameter in operation. 


e Current Capacity: The rectan- 
gular copper profile (ratio of width to 
thickness, 10:1) in the flat-conductor 
cable provides a larger surface for heat 
dissipation than equivalent round wire. 
The single-plane construction of the flat 
cable provides a greater overall effi- 
ciency for heat dissipation than the 
conventional cable construction with 
individual wires bundled in the core of 
the cable. Another advantage in the 


ELECTRICAL MANUFACTURING 





Adhesive down 


| 


| 
i 


Adhesive down 


Step 2 


Fig. 1— Folding techniques for application of flat-conductor 


Fig. 2— Several installation techniques that can be used with 
cables, Pressure-sensitive adhesive surfaces are provided. 


flat-conductor cables. 


flat-conductor cable system is the avail- 
ability of the mounting or supporting 
elements as heat sinks. 


e Space Saving: The single-plane 
construction of the flat-conductor cable 
provides obvious and inherent economies 
in space. Installation advantages are 
gained in instances where the flat cable 
can be easily routed through narrow or 
restricted areas through which it is 
difficult or impossible to thread a con- 
ventional wire harness. 


e Flexibility: Owing to its thin sec- 
tion (usually 0.010 in.) the flat-con- 
ductor cable is extremely flexible. Only 
slight surface tension is built up by 
bending, in comparison with round 
wire. Actually, flexure tests indicate 
that for all practical purposes flex life 
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of the flat cable may be considered as 
infinite. The flexure tests were con- 
ducted at room and elevated tempera- 
tures and at low temperatures down to 
—70 C. No failures were reported. 
Similar tests for round wire showed 
comparatively early fatigue and separa- 
tion. 


e Shielding: Electric shielding is 
very efficiently accomplished in the flat 
cable systems by the addition of a 
metal foil or the use of a cable with 
an integrally attached foil. In instances 
where the cable is mounted to a metal 
support, additional shielding may not be 
necessary. 


e Connectors: Reliability features 
are specially designed and built into 
connectors for the flat-conductor cable 


systems. The number of junctions per 
conductor is limited to one or two. 
These junctions are in fact carefully 
designed pressure joints possessing a 
large deflection reserve for manufactur- 
ing tolerances. Conducting surfaces are 
plated with hard gold to exclude corro- 
sion and to assure long life. Single- 
junction connectors usually also have 
a large contact surface, sometimes even 
a redundant factor. Other connectors 
have two conductors overlapping with 
two pressure points in parallel, thus 
cutting connector resistance in half. 


e Inspection: Production inspec- 
tion in flat-conductor work is consider- 
ably simplified. An important factor is 
the impossibility of mis-wiring since the 
embedded parallel wires cannot be 
crossed. 





Application Techniques 


The nature of flat-conductor cable permits simpler 
wstallation methods than those needed for conventional 
multi-wire cables. On the other hand, certain rules must 
be carefully followed. First, it is advisable to mark rout- 
ing lines on the supporting structural members and also 
to print part numbers. This should be done to simplify 
installation, and even more so for exact reproducibility 
of electrical characteristics. Costly control tests on re- 
petitive production runs can thus be eliminated. The 
cables should be placed side by side to facilitate trouble- 
shooting and replacement and to obtain maximum heat 
dissipation by heat radiation and thermal flow to the 
supports. Staking may be done where the mounting area 
is limited or heat dissipation is no problem. The flexi- 
bility of the flat cables permits single or multiple folding 
for changing routing direction or switching cable sides 
(Figs. 1 and 2). 

It is not advisable to leave more than 4 in. of the cable 
unsupported. This precaution will guard against possible 
shifting of location, change in electrical interference data, 
or entanglement with moving machine parts. Neat ap- 
pearance is still another consideration. 

Pressure-sensitive adhesives provide a simple means 
for fastening the cables. Usually the adhesive is applied 
at the time the cable is manufactured. The use of a 
liquid adhesive during installation may be necessary un- 
der certain conditions, but this method is more time 
consuming. Double-sided pressure-sensitive tape may be 
used in other instances. The holding power of the cable 
adhesives should be 1 lb per in. width at 12 in. pull 


Fig. 3— A cable termination (Type L). Note how the individ- 


ual conductors fit into the grooves. 


»>— 
Fig. 4— Another design (Type HO) for flat cable terminations; 
also for double-sided alternate contact. 


per minute. Most of the better-grade adhesive tapes meet 
this requirement. Creep tests were performed to simulate 
long-term storage effects on the cables and to test the 
capability of the adhesives to resist cable tensions over 
extensive periods. A creep strength of 5 oz per in. width 
with no creep is acceptable. 

It might be advisable to place a mechanical fastener 
across the cable near its termination. In a given applica- 
tion, a decision to use or not to use fasteners will be 
made on the basis of installation experience. 

In some applications it is advisable to protect the cable 
from handling or other physical hazard. For instance, 
cables cemented to missile surfaces need to be protected 
against rough handling in transportation. Although flat- 
conductor cables can stand somewhat more heat than 
normal wiring, a heat shield or heat-flow delay insulation 
may be needed under certain thermal conditions. 


Cable Termination Problem 


The purpose of straight-run flat-conductor cables is to 
connect black boxes by means of plug-in connectors. To 
plug a cable into a connector, a special cable termination 
is provided. It is a plastics part to which the cable is 
attached. The termination also serves as a convenient 
keyed male part of the connector. Figures 3 and 4 show 
examples of such termination inserts. By placing the 
conductors in individual grooves, the necessary leakage 
path length is provided. The conductors have to be 
stripped and hard-gold plated prior to assembly. Strip- 
ping can be performed by application of heat and scrap- 
ing tools or by means of chemicals to soften the plastic 


For double-sided alternate pickup. 


Flat - 
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cable 


Upper 
frame 
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Volume - 0.4 Cu in. 


Weight - 14 gm, 1/2 oz | bo——— a | 
258 


Rubber grommet 


Flat conductor 
cable 


for easier stripping. Cable end preparation and insert 
assembly is not a job for the cable installation group, 
but rather a function of the part assembly line. It might 
be done in an injection-molding machine. The cable, 
when equipped at both ends with termination. inserts, 
is considered a shelf item for the installation department. 


Connector Technique 


The most reliable connection for flat-conductor cable 
is a permanently welded joint (see Fig. 5). A welded 
junction consumes the least amount of space mounting 
area and imposes the least amount of weight. It is not 
amenable, however, to maintenance replacement and is 
useful only in limited applications. 

In most flat-cable applications, a separate, replaceable 
connector is required. To attain suitable connectors has 
been the most difficult problem in this field—probably 
90 per cent of all effort has gone into connector study. 

Proposed specifications for connectors are given in 
Table II. A good deal of interest has been taken by 
connector manufacturers in developing connectors that 
conform to these specifications. Several different ap- 
proaches have been made, with some good results. Details 
have been made available on a proprietary basis (see list 
of companies at end of article). Two connector systems 
developed at the Marshall Space Flight Center labora- 
tories will be described here. 

Type M1 (contact points on one side of the cable) is 
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Fig. 6 — Cable connector (Type M-1) for flat-conductor cables 
developed at the laboratories of the Marshall Space Flight 
Center. 


<« 

Fig. 5—A highly reliable connector for flat cable utilizing 
permanently welded joints or temporary solder joints. This 
method, however, has limitations since it does not permit quick 
replacement of components. 


shown in Fig. 6. The connector consists of a body (1), 
contact springs (2), and dust and moisture seals (3). 
The printed cable is indicated by (4) and is attached to 
a termination insert (5). The contact springs are so de- 
signed as to allow staggered adjacent contact surfaces. 
A creepage path length of 0.060 in. is maintained by 
offsetting the contact spring arms from the base center. 
The stamped contacts are firmly mounted and anchored 
in the plastics housing. 

Type M2 (contact points placed alternately on both 
sides) is a symmetrical design as shown in Fig. 7. The 
contact springs are formed from profiled wire. The 
inserts, cable stiffener or printed board, stop at insertion 
at a seal in the center of the connector. Dust seals are 
also provided in a manner similar to that for the M1 type. 

The mounting flange area of both connectors is 3.8 
sq in.; the body dimensions are 2144 x 1 x 1% in., and 
the total connector weighs 25 gm. The connectors have 
been designed for a 25-conductor, 2-in. cable. Sample 
units have been manufactured and tested. Small im- 
provements are being made. 

Some commercial connectors are being tested at the 
MSFC laboratories, with good results so far. Consider- 
ing the many connector designs, the long time spent in 
redesign and refinement, and the results, it can be 
concluded that reliable connectors for flat-conductor 
cable systems will be available to meet design needs. 

(Continued on next page) 
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article of this series. The need can be reiterated. In the 
opinion of this author, unless standardization and sim- 
plification are adopted, much confusion will result. Both 
the cable manufacturer and the design engineer will be 
overwhelmed by the almost infinite variations made pos- 
sible by the broad choice available in conductor dimen- 
sions, conductor population, types of plastics insulation, 
surface treatments, adhesives, and shielding methods. 
Such temptations as cable designs utilizing conductors 
of different sizes and different current-carrying capacity 
will be hard to resist. A multiplicity of connector designs 
would necessarily emerge to keep pace with the multi- 
plicity of cable designs. 

The standard specifications for flat-conductor cables 
presented in the preceding article and the specifications 
for connectors offered here (Table II) together form a 
standard for flat-conductor cables that warrants serious 
consideration. 000 
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Manufacturers of Connectors 


The following companies (to the author’s best knowledge) 
have been active in flat cable connector development: 


Amphenol Electronic Corporation, Chicago, Illinois 

Bendix Aviation Corporation, Scintilla Division, Sidney, 
New York 

Cannon Electric Company, Los Angeles, California 

Continental Connector Corporation, Woodside, New York 

The Thomas & Betts Company, Elizabeth, New Jersey 


<= 


Fig. 7— Another connector (Type M-2) developed at MSFC. 


Standardization 


The need for standardization of flat-conductor cables 
and connectors for such cables was stressed in the first 
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Table I!—Proposed Standard Specification for Connectors for Flat-Conductor Cable Systems 


NOTE: The connector described here 
is designed for use with the flat-con- 
ductor cable specified in the first part 
of this article.* It is intended for con- 


Mounting 
area: 


Weight: 


2% sq in., max 
(25 conductors) 
30 gm, max 
(25 conductors) 


Contact pressure: 200 gm minimum 
at 0.020 in. minimum deflection and 
200 gm/mm spring stiffness. 

Contact resistance: 1 milliohm, max. 


necting one flat cable to another or to 
a printed-circuit board 1/16 in. to 3/32 
in. thick. The connector insert that is 
contained in the cable termination is 
considered a part of the connector 
design. 


@ General Requirements: 


Operating 
voltage: 
Current per 
contact: 
Operating 
temperature: 
Storage life: 
Type of 
connection : 


115 volts rms at any 
altitude 


0.000010 to 3 amp 

—60 to +85 C for 
100 hr 

5 yr at —60 to +50 C 

pressure contact, no 
soldering, brazing, 
welding, crimping, 
twisting, etc. 

through-panel 
mounting 


Mounting: 


* See ‘“‘Flat-Conductor Flexible Cable,” page 74, 
August 1960 ExecrricaL Manuracrurinc. (Cable 
specification chart, page 79.) 


e Design Details: 


a. no loose parts; dustproof construc- 
tion; must have pressure-retaining seal 

b. foolproof cable insertion (polarity 
and depth) 

c. each insert independently secured 

d. locking to prevent self-releasing or 
accidental opening 

e. impossibility of electrical shorten- 
ing of one cable by removal or absence 
of the other cable or board 

f. leakage path length: 0.060 in. 


e Contact Details: 

Material: beryllium copper, 
gold plated. 

Wiping action at contact surface at 
closure or insertion. 


hard- 


Contact life: minimum of 500 connec- 
tions without wearing through the gold 
plating. 

Electric strength: Conductor-to-con- 
ductor and conductor-to-housing or sup- 
porting member 2000 volts rms for 60 
sec, Method 301, MIL202A. 


e Environmental Conditions: 


Shock: 100 g, 10 blows. Method 
202A, MIL202A 

10 to 2000 to 10 cycles at 
15 g, 20 min sweep time, 
1 cycle per axis only 

95 per cent RH, 40 C, 96 
hr, 100 volts d-c between 
adjacent contacts during 
test. Method 103A, Condi- 
tion B, MIL202A 

20 per cent NaCl, 35 C, 48 
hr. Method 101A, Condi- 
tion B, MIL202A 


Vibration: 


Humidity: 


Salt spray: 
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Advances in Electrical Controls 
... to be Seen at Machine Tool Show 


N. P. BASHOR, Director 

Electrical Controls Division 

W. F. ann Joun Barnes Company 
Rockford, Illinois 


At The Machine Tool Exposition— 
1960, to be held at the International 
Amphitheatre in Chicago, September 
6-16, under the auspices of the Na- 
tional Machine Tool Builders’ Asso- 
ciation, interest will center largely 
upon the advances in electrical controls 
made since the 1955 show. The prin- 
ciples used in modern controls were 
known at that time, but by comparison 
to today’s applications, electrical con- 
trols were still in their infancy. The 
improvements which have since been 
made are startling in their scope and 
variety. 

One of the interesting things which 
has occurred is that through the ap- 
plication of various electrical devices, 
universal machines are again becoming 
a large part of the available market. 
This has been accomplished in one way 
by the application of numerical devices 
through which the machine can be set 
up to do a wide variety of operations 
of sequence cycles merely by turning 
a few switches or potentiometers. 

At the 1960 Exposition we can ex- 
pect to see many machines controlled 
by improved electrical numerical trans- 
ducers, and two or three new trans- 
ducers will perhaps be exhibited for 
the first time. These numerical devices 
will no doubt be available in a wide 
range of models suitable for applica- 
tions requiring the measuring of several 
feet, as well as those which demand 
detection of movements in the 0.0001- 
in. range. 

In addition to using the devices for 
positioning and profiling, electrical nu- 
merical transducers will also be used 
in yaging operations. The field of au- 
tomatically gaging simultaneously with, 
or immediately following, the cutting 
cycle and automatically correcting the 
machine has greatly improved during 
this period and we will no doubt view 
many unique applications. 

The reliability of end-point indicat- 
ing devices such as proximity limit 
switches, infrated electric-eye equip- 
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ment, and improved § mechanical 
switches has caused more of the ma- 
chine functions to be controlled elec- 
trically instead of by mechanical dogs 
tripping cams, or by hydraulic valves 
as in the past. This has contributed 
greatly to the flexibility of the control 
and has simplified mechanical and hy- 
draulic equipment which no longer 
needs to be in direct association with 
the moving parts of the machine. 
Static controls which are used in 
the place of relays and contactors in 
the control panel are still having grow- 
ing pains. However, progress has been 
made in their application to circuits 
requiring reliability, low-power signals 
and relatively high speed for longer- 
life application. Static controls now 
fall into three general classifications: 
magnetic switching reactors, solid-state 
devices such as transistors, and a newer 
one which is somewhat of an offshoot 
of electronics in that it consists of an 
electrolyte and two electrodes in a 
sealed container. We will no doubt see 
control systems made from all three 
of these, either as final working models 
or as experimental models. 
Considerable improvement has been 
made in what is known as the “ma- 
chine tool relay.” It has been adapted 
to plugs and sockets which allows its 
rapid replacement. The contact ma- 
terials have been improved to handle 
the same current with smaller contacts. 
Balance in design to control and limit 
the pounding of the solenoid action 
has increased the life approximately 
five-fold. Miniature relays have also 
made their appearance and are certain 
to stay, as good ones are now available. 
We will no doubt see many improve- 
ments of one sort or another in control 
components such as the following: 


e@ Different versions of different 
peoples’ solutions to the wet limit 
switch problem on machinery, such as 
potting and sealing or remote-operated 
push rods. Plug-in solenoids and limit 
switches will also probably be in evi- 
dence. 

e@ At the control station we will no 
doubt see arrangements of both pend- 
ant and console-type stations in which 


lamps and pushbuttons are arranged 
in various colors, or grouped in sys- 
tems, to aid the operator in under- 
standing the machine and getting him- 
self out of difficulties. 

@ Safe maintenance of electrical 
systems is still a big headache, and 
there will no doubt be several versions 
of maintenance aid demonstrated. 
These will probably be both mechanical 
and electrical in nature. 

@ We may find that the mechanical 
building-block construction which is 
being furthered by the automotive in- 
dustry might creep into the electrical 
arrangements, as there has been some 
talk of this. 

@ Variable-speed drives for ma- 
chinery and conveyors have shown a 
very rapidly changing picture, and we 
will no doubt view many innovations 
along this line as numerical-control 
machines require a wide range of servo- 
controlled varying speeds. These vari- 
able-speed drives will no doubt include 
mechanical, hydraulic and electrical 
types. 

e@ Another interesting device which 
will appear will be delicately con- 
trolled hydroelectric servo valves. New 
faces in this field will appear, many 
coming from the hydraulic manufac- 
turers who have been serving the air- 
craft industry, and are now coming 
into the machine-tool control picture 
to serve the numerical devices. 

@ It could even be possible that we 
might find a machine tool at the show 
that will not only machine parts, but 
will be used to develop the original 
model part and record it on magnetic 
tape and then play it back and make 
the record drawings. We know defi- 
nitely that some experimenting has 
been done with this in the aircraft field. 


All in all, The Machine Tool Ex- 
position—1960 will indeed be a fas- 
cinating display. It will take up about 
twelve acres of exhibit space. Over 
1000 machine tools of the very latest 
models will be seen in operation. There, 
under one roof, to study and to com- 
pare, will be countless examples of 
various ways and means of increasing 
productivity and cutting costs. OOO 
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Data Curve-Fitting with a 


Characteristic curves of induction motors can be approximated 


mathematically by a power series and hence interpolation of de- 


sired rating values between recorded test points can be accurately 


achieved, by the method of least squares, using a computer. 


THOMAS ALMAN 

Motor and Control Division 
WESTINGHOUSE ELectTric CoRPORATION 
Buffalo, New York 


SELDOM IS A DEVICE or product tested at one perform- 
ance level. Evaluating performance over a wide range 
of values in the testing laboratory calls for taking a 
number of instrument readings, plotting test data, and 
drawing smooth curves between test points, since the 
corresponding values at some given parameter (such as 
rated horsepower and fractions thereof, in the case of a 
motor performance test) are usually wanted. In essence. 
then, the graphical method of curve fitting serves the 
purpose of interpolating values between raw test points. 
When this is done by hand, the results are subject to 
inaccuracies. This article shows how a digital computer 
can be programmed to do the same sort of interpolation 
of polyphase induction motor test data far more accur- 
ately by using the method of least squares. 

The IBM-650 system is used at the Westinghouse Motor 
and Control Division, and consists of the 650 console, 
the 553 card read punch for input, the 407 accounting 
machine and printer for output, the 655 power unit. the 
562 tape control unit, the 653 storage unit, and 727 
magnetic tape units. 


Test Data and Testing Process 


The test data sheets for a squirrel-cage induction motor 
serve as source data for the key-punch operators. The 
design engineer fills in the detailed specifications and 
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the laboratory technician fills in the measured test data 
such as volts, amperes, watts, torque, rpm, temperature. 
On the two-page form (11 x 17 in.) there are seven 
groups of data: description (specifications), no-load 
saturation, performance run, temperature run, locked 
saturation, speed-torque, and loaded saturation. The 
kind of specification data that would be punched into 
IBM cards is illustrated in Fig. 1. Data from the perform- 
ance run would be punched into IBM cards with the 
proper identification number and specifications, volts, 
amps (3 readings), watts (from wattmeter), torque and 
rpm. These cards serve as input to the IBM 650. Instruc- 
tions for processing the data are stored in computer code 
on magnetic tape. The computing machine will print out 
the results on the line printer. An excerpt from a com- 
plete test is shown in Fig. 2. 

Precautions are taken to minimize and (whenever 
possible) to eliminate errors when data are entered onto 
the IBM cards by the keypunch operators. These precau- 
tions are in the form of checks built into the computer 
program and consist essentially of tests to determine 
whether data inserted into the program by means of the 
cards are reasonable and conforming to certain built-in 
criteria. If the data do not conform to these criteria, the 
built-in instructions (contained on the tape) will cause 
the computing machine to stop operations and print out 
(in coded form) the information necessary to locate the 
error. Some of these checking criteria are: 


1) poles must be divisible by two, but not zero 

2) if phases are three, connection must be star or delta 

3) watts input must be greater than the sum of the losses 

4) efficiency and power factors must not be less than 
0 or greater than 100 per cent. : 


ELECTRICAL MANUFACTURING 





Digital Computer 


However, data could be reasonable, but still in error. 
These types of errors must be caught by the engineer 
when he checks his test results. 


Computer Calculation 


Included in the print-out of the computing machine 
(as shown in Fig. 2) are such calculations as horsepower, 
watts, per cent slip, efficiency and power factor, /?R 
losses and so on, along with the corresponding raw in- 
puts such as rpm, volts, torque and temperature. The 
computer will also, on the second round, convert each 
row of figures to common parameter levels—namely, the 
corresponding values at 114, 114, full, 34 and 1% load, 
as expressed in horsepower. This is the interpolating, or 
curve-fitting, aspect of the problem more fully explained 
below. 

Typical of a calculated figure would be the /?R loss 
calculations. The stator /?R loss for a three-phase ma- 
chine is found by the equation 


stator PR = : (Tave)* (Ru') 


where /,,, is the average of the three root-mean-square 
line currents and where R;;' is the terminal-to-terminal 
resistance corrected for temperature. The average rms 
line current has previously been calculated and stored in 
the magnetic drum of the computer, as has R;;'. The 
constant 3/2 (1.500000000 in ten-digit decimal form) 
is also stored. 

The data stored on the drum are successively brought 
to an accumulator where arithmetic operations are per- 
formed on them to complete the computation, which is 
then put back into storage for future reference. 


Curve-Fitting Problem 


It is possible to use a computer for curve fitting of test 
data, provided the curves to be fitted into the test pro- 
gram are such that the general approximating mathe- 
matical expression is known and yields results with the 
desired degree of accuracy. The curve, for example, 
could be assumed to be defined by a power series of the 
order n, where n is the order which gives the desired 
accuracy. The assumed general equation would be 
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Fig. 1— Typical motor specification data punched into an IBM 
card. 








The constants ay, a;, @ . . . , @, can be attained by the 
method of least squares. 

The curves sought in the motor test program have 
the characteristic shape shown in Fig. 3. Note that they 
bend in only one direction; watts input bends upward 
only, rpm bends downward only; and the bend in each 
is relatively slight. For this type of curve it has been 
found that the assumed mathematical expression can be 
a power series of the third order, and that it will yield 
an excellent approximation. We have: 


watts input = a, + a;(hp) + a:(hp)* + a;(hp)* 
rpm = by + b,(hp) + b2(hp)? + b:(hp)® 


Once the approximating equations of the curves which 
pass through the test points are known, points at any 
other value of horsepower can be found by substituting 
that value of horsepower into the equations. 

Of course, the computing machine does not literally 
draw a curve and then pick off points, but it simulates 
this by determining the approximate equation of a 
smooth curve that could be drawn through the points, 
and then substitutes into that equation to find other 
points. 

Method of Least Squares. According to the meth- 
od of least squares, the sum of the squares of the residu- 
als is a minimum where the residuals are the difference 
between the actual points and the points to be generated 
from the least-squares equation. It is assumed that a 
set of points may be represented by a power series* 


¥Y =a + az + aor? + -+- + a,2" (1) 


Therefore, the sum of the squares of the residuals is 


F(a, @, G2, .. +5 a,,) = 


(ao + ax; + aoa,;? + 


K 
oi 


eee + a,zr;" — yi)? (2) 


* See the following articles in past issues of Exectrica. MaNuracturinG, if an 
explanation of these mathematical operations is desired: ‘‘Determinants and 
Matrices,” Alan D. Kraus and Gerald F. Ross, December 1959; ‘‘Logic—and 
Switching Circuits,” Alice Mary Hilton, April 1960; ‘Basic Differential Equa- 
tions,” Alan D. Kraus, July 1960. 


where K is the number of points observed (K = n). 
If this function is to have a minimum, it is necessary for 
its partial derivatives to vanish there. Hence, the con- 
stants (a), @;, G2, ... , @,) must satisfy the equations 


oF $F _ oF oF 
_ =. =. eee ~— "8 (3) 


Equations (3) then become 


x 
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=” \ 2(ao + az; + aor? +--+ anz;" — yi)(x?) = 0 
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2(ao + az + aor? +-+-+ 4,2," —y:)(1) =0 


(4) 
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Upon dividing both sides of the equation by 2 and 
placing the constants a), a;, a2, . .. , a, outside the 
summation sign, Eqs (4) become the equations shown 
at (5) at bottom of page. 

The series of Eqs (5) are a set of (n + 1) equations 
with (n + 1) unknowns, hence they may be solved for 
the constants a, @;, @2,..., @, by a number of methods, 
the most common being the method of matrix theory. 

Just where this series of equations may be truncated 
depends upon the characteristic shape of the curves to 
be fitted and the accuracy desired. The curves to be 
fitted to motor test data are of such a nature that they 
may be truncated after the cubic term. Hence, from the 
general least-squares Eqs (5), the more specific equa- 
tions used to fit curves to test data become, in Eqs (6), 
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The solving of these four equations for a), a,, a2 and as 
would be a long and tedious task, without a computing 
machine, which can solve them in a few seconds. 

Once the constants are determined, the particular 
values of horsepower desired are substituted into the 
assumed power series, Eq (1). Three equations are found: 


current = f(hp) = ao + a,(hp) + a2(hp)? + a,(hp)* (7) 
watts = f(hp) = bs + bi(hp) + b(hp)*? + bx(hp)® = (8) 


rpm = f(hp) = ¢ + ¢(hp) + ¢(hp)*"+ c(hp (9) 


These three quantities are calculated as above from the 
given performance data at 150, 125, 100, 75, and 50 
per cent full-load horsepower. 

These three quantities (current, watts, rpm) together 
with the given information, provide the necessary infor- 
mation to calculate the other performance quantities at 
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each of the various horsepower loads, as indicated in a 
typical printout, shown in Fig. 2. 

The most obvious advantages of such a computer 
program are, of course, speed, accuracy, consistency and 
clarity. The resulting accuracy of the least-squares equa- 
tions at the given horsepower loads ranges from —0.04 
to +0.17 per cent between given and calculated watts, 
between —0.49 and +-0.50 per cent for given and calcu- 
lated current, and 0.66 per cent for given and cal- 
culated rpm for the performance test illustrated in Fig. 2. 

Oooo 


eee? i 





Fig. 3—Characteristic shapes of motor test curves. 
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DESIGN Trends 


Edited by Arnotp E. RuDAHL, Associate Editor 


The Ferrotracer for Dynamic B-H Loops 


MICHAEL PASNAK and 

R. H. LUNDSTEN 

U. S. Navat OrpNance LAsBorATORY 
White Oak, Silver Spring, Maryland 


AS AN ANSWER to a need for a simple, 
fast and accurate means of obtaining 
the dynamic B-H loops of magnetic- 
core mateiials, the Ferrotracer* was 
developed at the Naval Ordnance Labo- 
ratory by Dr. W. A. Geyger. (1)+ Al- 
though there are several well-known 
instruments for obtaining the dynamic 
B-H loops of magnetic core materials, 
the Ferrotracer method is one’ of the 
best. 

When used in conjunction with an 
X-Y recorder, an ink plot of the dy- 
namic B-H loop of a magnetic material 
* Patent pending. 


¢ Italic numerals in parentheses refer to Cited 
References at end of article. 


Varioc Voriac 


3-phase 
source 


(FBe) 
Phase 
shifter 
Switching 
core 


can be obtained in less than 3U sec. 
Furthermore, the dynamic loops of a 
given magnetic material can be re- 
traced for extended periods without 
any deviations, which is an indication 
of the excellent stability of this instru- 
ment. The necessary excitation and 
sensing is accomplished by use of a 
fixture consisting of a few turns and 
a plug connector. 

The Ferrotracer will prove to be a 
useful tool for those who are engaged 
in research concerned with the de- 
velopment of magnetic materials. De- 
sign engineers will find this instrument 
valuable for obtaining data regarding 
the behavior of magnetic properties of 
core materials under various environ- 
mental conditions such as temperature 
(2), pressure, and nuclear irradiation. 
It also offers other possibilities, such 
as a monitoring instrument to be used 


Current 
source % 


X-axis 
recorder 
input 


Y-axis 
recorder 
input 


Fig. 1 — Schematic drawing of the full-wave Ferrotracer circuit with calibration circuit. 
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for control by manufacturers of core 
materials, a device for core matching, 
or a means of obtaining core-loss data. 

Essentially, the Ferrotracer is an 
adaptation of the Vector Meter (3) 
which was developed in Germany. The 
primary difference between the two in- 
struments is that the Vector Meter in- 
corporates synchronous mechanical 
switches in its operation, while the Fer- 
rotracer uses semiconductor switches. 
This eliminates breakdown due to wear 
of mechanical parts, and critical ad- 
justment of the contact elements with 
regard to proper switching action. Of 
even greater importance, the operating 
frequency range of the instrument is 
increased approximately 50 times. 

Ferrotracer Circuit. The full-wave 
Ferrotracer circuit, complete. with cali- 
brating circuit, is shown in Fig. 1. 
However, for purposes of simplicity, 
the half-wave Ferrotracer circuit shown 
in Fig. 2 will be used in the discussion 
pertaining to the operation of the in- 
strument. 

The test core in Fig. 2 has a mag- 
netizing winding Np and a secondary 
winding N, which is used to obtain 
an indication of the flux changes taking 
place in the test core. The magnetizing 
current ip, flowing in Np, also flows 
through the primary winding of the 
air-core transformer. In order to obtain 
the dynamic loop of the test core, the 
instantaneous values of both the mag- 
netic field intensity, H, and the mag- 
netic flux density, B, must be measured. 

The B and H measuring circuits each 
contain silicon diodes, a drift compen- 
sating potentiometer, a resistance R 
> Ly, and Lz, and a galvanometer G 
acting as an integrating instrument. 

When a magnetizing current ip flows 
in the magnetizing winding Np, a volt- 
age e€, is induced in the secondary 
winding Nz. However, a current ig will 
not flow in this circuit because the 
silicon diode switches require a volt- 
age @€g > eg before they can conduct. 
The ferroresonant circuit (4) in Fig. 
2 supplies the necessary “square wave” 
voltage, es, to control conduction. 

The phase angle between e, and ig 
can be varied by phase-shifting the sup- 
ply voltage to the ferroresonant circuit. 
As this phase angle is varied, any half- 
cycle portion of the iz wave can be 
chosen for which the B measuring cir- 
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cuit will conduct. Since the arrange- 
ment of the diodes in the B measuring 
circuit permits conduction only during 
the positive half cycle of eg, it is seen 
in Fig. 3a that when eg is in phase 
with iz, conduction in the B measuring 
circuit will occur from 0 to *. The 
d’Arsonval type instrument, Gz, inte- 
grates the i, due to eg from 0 to *, and 
produces a deflection proportional to 
the average /, during this period. As 
the phase angle of eg is varied to lead 
iz by 2/4 as shown in Fig. 3b, the 
measuring circuit will conduct from 7/4 
to 5/4a of the iz wave. The deflection 
now indicated by Gz, will be the integral 
of iz between 7/4 and 3/4m due to 
cancellation of the areas between 3/42 
and 5/4. If the phase shifter is ad- 
justed so that eg leads ig by w/2, as 
shown in Fig. 3c, the measuring circuit 
will conduct from 7/2 to 3/2 of the 
iz wave. The deflection of Gz will now 
be zero, since the integral of ig be- 
tween 2/2 and 3/27 is zero. Thus, by 
varying the phase angle between eg 
and ig, any desired number of deflec- 
tions can be obtained which correspond 
to different values of B on the dynamic 
loop. 

The instrument Gp can be calibrated 
to read B directly. This is done by sub- 
stituting for Ng, a known sinusoidal 
voltage having the same frequency as 
that being used to drive the test core. 
Then the instantaneous B is obtained 
from the well-known relation 


E (108) 


B = TuN,fA 


where 


E= the known rms voltage sub- 
stituted for Ns 
N, = number of turns on the sec- 
ondary of the test core 
A ==cross-sectional areas of test 
core in cm? 
f==test frequency in cps 


B= magnetic flux 
gauss 


density in 


The H measuring circuit functions in 
exactly the same manner as the B 
measuring circuit. Furthermore, CG, is 
similarly calibrated to read H directly. 
This is done by means of a sinusoidal 
current of known amplitude in the 
primary of the air-core transformer. 
Then the instantaneous value of H is 
obtained from the well-known formula: 


0.40N pI p 


a= Z 


where 


H = magnetizing field in oersteds 
Np = number of turns on the prim- 
ary of the test core 
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Ip = peak magnetizing current in 
amperes 

L = mean length of magnetic path 
in cm 


Thus, by simultaneously changing the 
phase settings of the B and H signals 
with relation to the conduction period 
of the electronic switches, the magnetic 
field intensity and the magnetic flux 
density may be measured at any in- 
stant of time during the cycle. The 
dynamic loop of the core material is 
described by plotting the values of B 
and H thus obtained. 

If an X-Y recorder with suitable 
filters is substituted for Gy, and Gz, an 
ink recording of the dynamic loop is 
obtained. A typical example of a family 
of dynamic loops of Supermalloy is 
shown in Fig. 4. These were obtained 
with a Ferrotracer used in conjunction 
with an X-Y recorder. A good approxi- 
mation of the maximum permeability 
of this material can be obtained by 
drawing its magnetization curve through 
the tips of the unsaturated loops. 

Sources of Error. If e,, and eg are 
too large, error can be introduced in 
two ways: 


1. The currents that will flow in the B 
and H measuring circuits due to e, and e,, 
will load the test core. If this occurs, the 
error introduced will be in the form of 
larger readings for H, and smaller readings 
for B, on every point of the dynamic loop. 


2. €p and e, may be large enough to 
cause the silicon diodes in the B and H 
measuring circuits to conduct. If this oc- 
curs, then eg no longer has complete con- 
trol over the conduction periods of the 
measuring circuits. Instead, random con- 
duction will be taking place which will 
produce a highly distorted dynamig loop. 


In order to eliminate the sources 
of error, it is necessary to keep the 
primary and secondary winding turns 
of the test core at a minimum, thereby 
making e, low. Similarly, a suitable 
choice of turns ratio for the air-core 


8 measuring 
circuit 


3- phase line 


Phose shifter 


H measuring 
circuit 


Fig. 3—Phase-angle relationships be- 
tween switching voltage, eg, and measur- 
ing current, ip. 


Fig. 4— Ferrotracer recording of a family 
of 60-cps dynamic loops of Supermalloy. 
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(b) | 


Fig. 5— (a) Ferrotracer recording show- 
ing “flop-over.” (b) Ferrotracer record- 
ing showing an “open” loop. 


transformer will keep e, low. The re- 
sistors Rz, and R, should be made 
large enough to prevent loading cur- 
rents from flowing in their respective 
circuits; however, they should not be 
so large that a desired degree of sen- 
sitivity cannot be obtained. To deter- 
mine the proper value, a resistor hav- 
ing the same value as Rpg should be 
shunted across the secondary of the 
test core winding Ns. If this produces 
a noticeable change in the recording 
instrument G,, then it should be as- 
sumed that R, is not sufficiently large 
to prevent loading currents. In like 
manner, a resistor having the same 
value as R, is connected across the 
secondary of the air-core transformer, 
and the recording instrument G, is 
observed for any noticeable change in 
deflection. 

Capacitative currents generated in 
the Ferrotracer circuits and stray pick- 
up voltages cause phase differences in 
B and H. This leads to dynamic loops 
having “flop-over” as shown in Fig. 5a, 
or having “open” loops, as shown in 
Fig. 5b. The capacitative currents can 
be balanced out by the potentiometers 
and the choice of proper ground points. 
Shielded wire may also be necesary to 
eliminate capacitative currents as well 
as stray pick-up voltages. 

Errors can also be introduced by 
improper design of the ferroresonant 
circuit. The shape of the eg voltage 
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Fig. 6 — Voltage wave shape in the ferro- 
resonant circuit: (a) correct, (b) incor- 
rect. 


wave that governs the conduction peri- 
ods of the measuring circuits as shown 
in Fig. 5a is not a true square wave. 
However, it is not necessary that the 
top and bottom portions of this wave 
be flat in order to control conduction. 
The only requirements placed on the 
wave shape of eg are that it have an 
exceedingly fast rise time, and that 
the minimum voltage encountered in 
the top portion of the wave exceed the 
silicon diode cut-off voltage. That is, 
the voltage es’ shown in Fig. 6a must 
be greater than the voltage at which 
the diodes will cease to conduct. If e,’ 
is less than the silicon diode cut-off 
voltage, the conduction period will be 
interrupted and restored during the 
conduction half-cycle. This type of 
operation will produce loops which have 
little or no resemblance to the dy- 
namic loops of magnetic core materials. 

An improperly designed “ferroreson- 
ant” circuit can produce a_ voltage 
wave shape as shown in Fig. 6b. This 
figure shows that the duration of the 
positive portion of eg is less than 7/2, 
while the duration of the negative por- 
tion is greater than 7/2. This condi- 
tion will produce highly distorted dy- 
namic loops. 

Figure 7 shows two Ferrotracer rec- 
ordings of an Orthonol core. Loop (a) 
was obtained by a properly designed 
“ferroresonant” circuit, while loop (b) 
was obtained by a “ferroresonant” cir- 


Fig. 7—Ferrotracer recordings of an 
Orthonol core (a) with correct ferro- 
resonant-circuit wave shapes and (b), 
with incorrect ferroresonant-circuit wave 
shapes. 


cuit producing an eg voltage as shown 
in Fig. 6b. 

Frequency Range of Operation. Ferro- 
tracers, similar to the one shown in 
Fig. 2, have been operated at 60 cps, 
400 cps, and 1200 cps. However, such 
instruments should perform successfully 
at higher frequencies if the circuit com- 
ponents are properly positioned. and 
shielded wiring is used throughout the 
circuit. Operation of this instrument at 
frequencies higher than 10,000 cycles 
will most likely depend upon the char- 
acteristic properties of the diodes that 
are used for the electronic switches. 
Another factor which; may decide the 
upper frequency limit of operation for 
this instrument, when used in conjunc- 
tion with an X-Y recorder, is the signal 
delay produced in the filter system for 
the recorder. This delay can produce 
undesirable phase differences between 
the B and H signals. ooo 
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Optical System of 
Infrared Spectrometer 


THe PerKin-ELMeER double-beam in- 
frared recording spectrometer is de- 
signed to compute transmittance auto- 
matically and continuously as the 
spectrum is being scanned linearly in 





wavelengths. Two beams of radiation 
trom the same Nernst filament source, 
S,, are brought to two separate foci 
by two pairs of mirrors M,, M., M3, 
M,. One beam, S, passes through the 
sample cell, C, and the other, R, passes 
through a calibrated wedge aperture, 
W. The two beams are then combined 
by a sector mirror, M,, rotating at 13 
cps, which alternately transmits one 
beam and reflects the other in the 
same direction as the transmitted beam. 
The composite beam passes into a 
monochrometer at S, and is subse- 
quently imaged upon the detector. If 
the beams have unequal intensities, an 
alternating signal proportional to the 


Protection for Static Exciters 


C. E. GRAF, Development Engineer 
Direct Current Motor and 
Generator Dept. 

GeNneRAL Etectric COMPANY 

Erie, Pennsylvania 


Fig. 1— Components of static exciter are 
mounted on a small panel for incorpora- 
tion in a complete packaged drive. 
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THE USE OF static exciters for pack- 
aged adjustable-speed drives has be- 
come increasingly widespread for a 
number of reasons: low cost, long life, 
low maintenance, good reliability, small 
size, no warm-up, and no noise and 
vibration. All of these advantages, of 
course, are in comparison to compar- 
able rotating exciters. The use of sili- 
con rectifiers (rather than selenium) 
provides for further decreases in size, 
weight, and cost. A static exciter con- 
sisting of transformer, silicon rectifier, 
and protective components, all mounted 
on a subpanel (Fig. 1), can be mounted 
on a larger panel containing the neces- 
sary equipment for a packaged drive. 
The chief problem in the design of 
such a unit is the provision for ade- 
quate over-current and _ over-voltage 
protection for the silicon rectifiers. 

The use of silicon rectifiers requires 
that much more emphasis be given to 
protection than when selenium recti- 
fiers or rotating equipment is used. 
There are two reasons for this require- 
ment: first, silicon rectifiers have a 
very low heat-storage capacity, so over- 
load protection must be fast; and, 
second, they break down if their ré- 
verse voltage rating is exceeded and 
the breakdown is permanent since they 
are not self-healing. 


difference in intensity appears. Wedge 
W, which is an optical attenuator, is 
moved in or out of the beam to bal- 
ance the difference between the two 
beams. If the transmittance of the at- 
tenuator is linear, then its null position 
represents a measure of the transmit- 
tance of the sample. Mirrors M, and 
M, are placed close together for com- 
pact design and to permit radiation to 


, be taken from the same part of the 


source for the reference and sample 
beams. The resolving power of this in- 
strument can be expected to be ap- 
proximately the same as that of the 
single-beam instrument—about 5 cm-! 
or less. 





d-c 
115 volts a-c 


Fig. 2— Schematic of static exciter show- 
ing transformer, silicon rectifier and 
protective devices. 


The circuit of the static exciter is 
shown in Fig. 2. The transformer has 
a secondary tap to provide auxiliary 
115-volt a-c power for relaying use. 
The primary may be a dual 230/460- 
volt winding or a special-voltage single 
winding to match the user’s supply. 
The 240-volt d-c output is completely 
isolated from the a-c input. 

Current overload protection is pro- 
vided by means of fast-acting fuses 
which have been specifically designed 
for this purpose. They have an almost 
straight-line time-current characteristic 
and are rated to allow for a 25 per 
cent overload for 1 hr. The rectifiers 
are chosen so that they can stand this 
overload, which is useful in providing 
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the additional excitation current re- 
quired for starting cold d-c motors. 
The rectifier peak inverse voltage 
rating (piv) must be sufficiently higher 
than the working piv to provide an 
adequate margin of safety against 
voltage transients. Effective transient 
suppression circuits are also necessary 
to limit the transients.* The following 


*See “Rectifier Voltage Transiente—Causes, Detec- 
tion, Reduction,” F W. Gurtewiller, Evecrnicar 
Mawnvracruninc, December 1959, p 167 


over-voltage protection provisions are 
used in this static exciter: 


(1) The ratio of rectifier piv to work- 
ing piv is 2 to 1. 

(2) A non-inductive capacitor is con- 
nected in parallel with the transformer 
secondary to suppress voltage spikes 
caused by a-c switchmg and supply line 
surges. 


(3) A non-inductive resistor and a non- 
inductive capacitor in series are placed 
across the d-c output of the rectifier to 
suppress voltage spikes caused by d-c 
switching. 


(4) Discharge resistors are also re- 
quired in parallel with switched field 
windings and other highly inductive de- 
vices which are supplied by the exciter to 
prevent high-power transient over-voltage. 


Instrument Clutch has Uniform Slip Torque 


After periods of prolonged slippage, 
galling of the members of conventional 
instrument clutches rapidly increases 


Fig. 1—Ball-bearing instrument slip 
clutch with uniform slip torque is avail- 
able in models only 0.800 in. thick. 


slip torque to a point where the clutch 
offers inadequate protection to the gear 
train in which it is used. Customarily, 
galling occurs at the point on the 
bronze bushing upon which the gear 
revolves under conditions of slippage 
and at the point where the spring bears 
on the clamp. 

In the Dynaco slip clutch (Fig. 1) 
galling has been reduced at these points 
by two techniques. First, the gear is 
ball-bearing mounted (Item 4, Fig. 2) 
to eliminate eventual damage to the 
center member. Second, introducing a 
stainless steel bushing (Item 6, Fig. 2) 
between the spring and clamp greatly 
reduces galling at this point. 

These features, in conjunction with 
an acetal-resin friction plate, afford a 
uniform slipping torque which is main 
tained even after a lengthy period of 
slippage. 

Clutches with this construction are 
available in diametrical pitches of 48, 
64, 72, 80 or 120, with pitch diameters 


Transistor Switching for Brushless Motors 


DR. HARRY E. STOCKMAN 
Professor and Chairman 

Department of Electrical Engineering 
Merrimack COLLECE 

North Andover, Mass. 


ALTERNATING-CURRENT MOTORS without 
brushes can be designed in accordance 
with several principles, so that the log- 
ical solution to a quest for a “brush- 
less” d-c motor would be to convert the 
d-c to a-c. This is the basic principle of 
all such motors, but the converter must 
be simple and efficient. The use of ther- 
mal-strip oscillating contactors, or the 
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magnetic “buzzer” principle, demon- 
strate the basic concept but of course 
offer the disadvantage of using make- 
break contacts so that the contact has 
merely been moved from the motor to a 
series circuit element. In a more sophis- 
ticated design concept, however, such 
contacting switches may be replaced by 
a switching transistor device. Since this 
does not employ contacts, it may be 
considered to be a solution to the prob- 
lem. 

The principle of one cf several mo- 
tors which exhibit rotation is shown in 
the circuit diagram. In this, an n-p-n 


The d-c output voltage of the static 
exciter has an appreciable ripple com- 
ponent. Under normal conditions, the 
inductance of contactor coils or field 
windings is sufficient to smooth out 
the ripple so that there is negligible 
additional heating. However, for use in 
voltage-reference circuits or other cir- 
cuits where the ripple would produce 
adverse affects, the exciter output must 
be filtered. The output will also di- 
rectly reflect any a-c input line varia- 
tions unless a stabilizing transformer 
is provided. The static exciter is de- 
signed to operate in ambient tempera- 
ture up to 40 C with only convection 
cooling. Exciters of this type are manu- 
factured in five output ratings ranging 
from 0.5 to 4 kw. O00 


Fig. 2— “Exploded” view of ball-bearing 
slip clutch. 


from 0.750 through 2.00 in. 
The manufacturer is Dynamic Gear 
Co., Inc., Dixon Ave., Amityville, L. L, 


New York. 


fi-p-n 


Contact-free d-c motor with permanent 
magnet rotor and switching transistor. 


switching transistor is used in common 
emitter connection. The continued move- 
ment of the magnet N-S produces an 
emf e, in the pickup inductor P, and a 
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current pulse i, in the collector circuit. 
This current pulse causes a magnetic 
field pulse in the drive inductor D, 


which assists the magnet N-S in its 
movement. When started, the rotor will 
continue rotation in either direction. 
When not rotating, there is zero current 
drain. 

The motor may establish another 
mode of operation, reaching an insta- 
bility point due to mutual inductance 
between the inductors. Since rotation of 


Dual Clutch for Two-Directional Drive 


The component elements used in the new 
clutch are: a complement of sprags S,-S. 
arranged in opposing pairs to prevent 
feedback in either direction of rotation; 
precision coil spring S, that energizes 
and retains the complement of sprags; 
input A and output B members have 
double-key slotted bores to assure bal- 
anced shaft and strength equivalent to 
clutch torque rating; control elements A} 
project between each pair of opposing 
sprags; concentric outer race C assures 
uniform contact of all sprags; ball bear- 
ings D provide smooth, friction-free rota- 
tion of both input and output members; 
and threaded end-cap E locks entire as 
sembly together. 


In the new reversing clutch, the end of 
the input member within the outer race 
has a series of projecting control ele- 
ments evenly spaced around its diameter. 
Each of these control elements projects 
between a pair of opposing sprags. When 
the input member is rotated in either 
direction, these control elements first 
disengage one set of sprags (1) and then 
drive the output member through the 
base area (2) of the same set of sprags. 
A slight motion of input member (2'4 to 
3 deg) is required to release the sprags 
before transmitting driving torque in 
either direction of rotation. 


Forcing a ball or roller into a curved, wedged space is an old over-running clutch 
principle. A sprag is in «ffect a roller of increased diameter, but it has greater contact 
surface in a given amuular space, which results in higher torque capacity. In a 
Formsprag clutch, torque is transmitted from one race to the other by wedging the 


sprags between the reces 


sprag dimension A-A is greater than B-B. Therefore, the 


wedging action occurs when the relative rotation of inner and outer races moves the 
sprags to a more upright position. Over-running occurs when relative motion of races 
causes sprags to mov into position B-B, which is the smaller dimension. A precision 
coil spring provide. a constant energizing force for the sprags. When torque is 
applied to the input member of the clutch, the sprags instantly wedge to transmit 


this torque to the output member 


there is no backlash. Sprags engage the concentric 


inner and outer races at constantly changing contact points. This assures even dis 


tribution of wear for longer clutch life. 


the magnet produces a periodic varia- 
tion in the mutual inductance, this fac- 
tor may be utilized for improved motor 
operation in a super-regenerative mode, 
suppressed, or made negative for sta- 
bility purposes. By using well-closed 
magnetic circuits and numerous poles, 
this form of motor can be constructed 


for relatively large torques. O00 


THeRe ARE NUMEROUS drive applica- 
tions requiring clutches that will as- 
sure complete elimination of feedback 
torque from driven equipment to the 
power sources for both directions of 
rotation. Frequently it is also required 
that positive drive without slipping be 
maintained, also in two directions of 
rotation, plus adaptability for two-di- 
rection overrunning, positioning and 
backstopping. 

A new torque-transmission 
has been developed by the Formsprag 
Co., Warren, Mich., in which their 
established and successful sprag con 


device 


struction has been adapted to two-di- 
rectional service. The new “Rev-Lok” 
reversing clutch offers a wide range of 
applications. For instance, by mount 
ing the outer race of the clutch in a 
fixed position, torque feedback is pre 
vented by the wedging of sprags be- 
tween the output member and the inner 
diameter of the outer race, preventing 
torque feedback from reaching the in- 
put shaft. The device can also be used 
as a clockwise or counterclockwise over- 
running clutch by securing the output 
shaft against rotation, the outer race 
thus becoming the output member. A 
slight rotation of the input shaft in 
either direction disengages one set of 
sprags and determines the direction of 
drive, over-running and back-stopping 
By gearing a low-speed reversible 
motor to the outer race and a high 
speed motor to the input shaft member, 
driving torque may be transmitted to 
the output shaft at two speeds and 
reversed. 

A design advantage is claimed for 
the use of two opposing sets of sprags 
between the output member and the 
outer race. This prevides a number of 
sprag contact surfaces to engage the 
outer race when torque feedback or 
backstopping conditions are present, 
thus equalizing radial loading when 
there is unusually high feedback 
torque. Another advantage is that the 
entire complement of sprags, part of 
the output member assembly, rotates 
at driving speed while the outer race 
remains stationary; the sprags are 
always in slight rubbing contact with 
the outer race and are ready to pick 
up the feedback load instantaneously 
at constantly changing points on the 
outer race. This feature assures longer 
life through even distribution of wear. 
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Fig. 2— The circuit breaker 
withdrawn to the disconnect 
position, a full 4 in. from 
the cubicle door surface. 
»-> 
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Coiled Flat Spring in Simple Dust-Barrier Design 


Circuit breakers in the current I-T-E 
Company's line can be moved to the 


The constant-force property of the Hun- 
ter Spring Co. “Neg’ator” is used here 
*to provide positive contact between a 

dust plate and a door over a wide range 

of positions, where a _ conventional 
spring would be either excessively tight 
or loose. 


test and disconnect positions without 
opening the compartment door, for in- 
creased safety and cleanliness. For the 
cubicle door to clear the escutcheon 

the breaker’s external member—it must 
have an opening larger than the es- 


Thus, 


when the escutcheon is extended out to 


cutcheon’s face plate (Fig 1.). 


the test and disconnect positions, there 
is a gap between the cut-away section 
of the compartment door and the body 
of the escutcheon, filled by a dust plate 
which fits around the body of the es- 
cutcheon and seats against the inner 
face of the cubicle door. The problem 
was to provide for a positive contact 
between the inner surface of the door 
and the dust plate: there could not be 
any fixed linkage between the two for 
independent motion. 


<<€é 

Fig. 1— Escutcheon and dust plate of 
I-T-E circuit breaker with cubicle door 
omitted to show construction. Flat coiled 
“Neg'ator™ springs by the Hunter Spring 
Co. provide constant restraining force as 
the unit is withdrawn to “test” and “dis- 
connect” positions. 


Connectors for Microelectronics 


IN THE PACKAGING of microelectric de- 
vices, the problem of interconnection production devices. The wide variety of 
between units is acute. In some cases, packaging 
it is actually impossible to provide re- the 


liable interconnections by available 


coupled with 
terminations 


techniques, 


various types of 


Self-coiling extension springs of flat- 
strip spring steel provide a simple solu- 
tion. Two “Neg’ator” springs hold the 
dust plate against the door in all three 
breaker positions, and still allow the 
door to move free of the dust plate. 

The coiled end of the “Neg’ator” 
spring fits against the inner side of the 
dust plate, Fig. 2, while its extended 
end is riveted to the back of the 
escutcheon’s face plate. Were a conven- 
tional coiled extension spring used, it 
could not be mounted in the available 
space with the same simplicity nor per- 
mit an effective seal. Also, the wide flat 
spring tends to hold the dust cover 
straight. 

In all three escutcheon positions, the 
coiled end of the spring exerts a con- 
stant force of 2 lb against the inner side 
of the dust plate, holding it against the 
inner surface of the door and maintain- 


ing a tight seal for safety and cleanli- 
ness, okeke 


Source: The Hunter Spring Company, 
Division of American Machine & Metals, 
Inc., 1 Spring Ave., Lansdale, Pa. 


(solder, crimped, taper pin, etc.) de- 
sired, have made the development of 
suitable connectors difficult. One style 
of connecting device will, of course, not 
The Amphenol Con- 
Amphenol-Borg 


meet all needs 


nector Division of 


Fig. 1 (left) —“Micro-min” connectors with 19 or 38 contacts for use with printed-wiring boards, flexible flat cables, or flexible 


wiring boards. Fig. 2 (right) — Edgeboard connector for printed-cable applications. 
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after routing, 
clip and save 


a continuing series on technical topics 
relating to electronic applications 
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DATA FILE 
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Considerations In Selecting Mica Capacitors 


Mica Capacitors may have identical capacitance and volt- 
age rating on their name plates, yet one may be up to a 
hundred times larger than another—why? It is the purpose 
of this article to discuss how the dc voltage rating, rf 
voltage rating, rf current rating, corona starting voltage, 
and pulse application affects size and physical configura- 
tion of mica capacitors. Examples will be given showing 
typical Sangamo types that are used to account for these 
electrical environmental variations. 


DC Voltage Rating — Many electronic applications require 
that a mica capacitor be used in a circuit of moderate to 
high-voltage dc with a slight ac voltage superimposed 
on it. Because mica exhibits a very low dissipation factor, 
very little heat is generated due to the small amount of ac. 
Of primary concern is the dc voltage stress. Mica has a 
very high dielectric-strength capability. Hence, required 
capacity can be contained in a package that is significantly 
small such as Sangamo’s Types D, DR, KR, CR, H and A. 


Type-A 


RF Voltage and Current Rating — Like the small mica ca- 
pacitors described above, capacitors of a larger size are 
frequently required to operate with a comparable dc volt- 
age across their terminals. However, in transmitting rf 
oscillator tank circuits, radio frequency is predominant 
and the primary requirement is the ability to handle a 
large magnitude of rf current. It is therefore necessary 
to use a capacitor that can dissipate the heat generated 


(Figure 1) 
Fig. 1 x 
e] 


Type-DR Type-H 


by the rf field. Because these factors are so important, 
transmitting capacitors are rated in rms current and peak 
working volts. They are usually potted in a material that 
has a high thermal conductivity and packaged to have a 
large surface area. Sangamo’s Types E, F, and G are ex- 
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amples of high rf current application capacitors. Figure 2 
shows, for example, the relative size and current-carrying 
ability of Types Gl, G2, G3, G4 and G5. 


Corona Starting Voltage — Corona can occur in any ca- 
pacitor where the conditions are right. Capacitor manu- 
facturers are aware of this and design accordingly. Where 
amplitude and frequency of ac voltage across the capacitor 
are relatively low, a wax impregnant can be used. How- 
ever, when voltage is low and frequency is high, a liquid 
impregnant is used. The difference is due to the physical 
nature of the impregnant. The wax, when cooling, leaves 
holes and promotes corona, while a liquid impregnant is 
homogeneous. A typical example of a liquid impregnated 
capacitor that is used for miniaturization, low distributed 
inductance, and high frequency applications is the Sangamo 
Button® Capacitor. (Figure 3) 


“we a Gf 


Type M-23 Type M-63 Type M-72 


Pulse Application — Unfortunately there are no industry 
standards on capacitor ratings for pulse applications. De- 
sign and testing of these capacitors follow individual spe- 
cifications at the present time. Applications involving high- 
frequency pulse operation should be reviewed carefully 
with regard to cerona and peak stresses. These two fac- 
tors are very closely related to life expectancy of the 
capacitor. With the growth of pulse circuitry, users and 
manufacturers must begin to develop meaningful speci- 
fications, standards, and test procedures for pulse capaci- 
tors. Figure 4 shows typical examples of Sangamo Capaci- 
tors designed for pulse applications. The Type N-87 is a 
multiple-section Sangamo mica capacitor designed for 
packaging with other components in a hermetically sealed, 
oil-filled enclosure. 


7 


Fig. 4 


Type N-38 Type N-87 


Your inquiry for more complete information on special 
applications of Sangamo mica capacitors is invited. 


$C60-5 


SANGAMO ELECTRIC COMPANY, Springfield, Illinois 


-—designing toward the promise of tomorrow 
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DESIGN Trends 


Electronics Corp. has therefore de- 
veloped a line of various types of con- 
nectors which’ are designed to meet 
the majority of microelectronic appli- 
cations. 

The first of these is a flat form as- 
sociated with miniature printed-circuit 
boards or component mounting boards 
(Fig. 1). Contacts are on 0.050-in. 
centers and are supplied in lengths to 
allow soldering or welding the contact 
directly to the component. Instead of 
attaching a wire to the component and 
terminating it at the contact, the con- 
(act provides its own termination, there- 
by eliminating one operation in assem- 
bly. This is useful on high-density wir- 
ing boards where it is difficult to bring 
all circuits to the edge of the board. 
For double-sided wiring boards or two 
flexible cables or printed circuits, a 
double-sided, 38-contact version of this 


connector is available. Contacts are 
made of beryllium copper wire, gold- 
over-silver plated. 

Module packaging requires a differ- 
ent approach to the connection prob- 
lem. This type of package generally 
has terminating wires 0.010 to 0.015 
in. long arranged in a geometric pat- 
tern. For example, the RCA _ micro- 
module has 12 wires arranged on four 
sides of a 0.350-in square. In most 
cases, it is preferable to solder or weld 
the module into the base circuit; how- 
ever, there are occasions when quick 
removability is necessary or useful. In 
some cases the terminating wires are 
used as male pins, the wire being 
formed over an adapter ring so that 
the adapted module is plugged into the 
receptacle. This method saves space 
since the front-to-back mated depth is 
not more than 0.170 in. The folded con- 
struction of the mating contact straddles 
the terminal wire from the module. An 
other version of this device has its own 
contacts and is used as a cable plug 
(Fig. 3 


Molded Polyester Applications 


BA 


B> 


A. Breaker Base. Molded from Micarta glass polyester grade 
9M62. Material has higher impact resistance and are resistance 


than previously used general-purpose phenolics. 


Material ha« 


high flow, permitting excellent moldability. Ability of the ma- 
terial to mold around inserts influenced its use in the compo- 
nent. In addition to multiple inserts, note thin sections 

B. SVS Arrestor Base. Molding of premix (polyester) ma- 
terial. Molded base withstands 55 kv for 50 min and 30 kv for 


more than 60 hr. 


C. CSL Switch Insulation Support. Designed with polyester 
molding compound incorporating a Hetron resin to produce 
part with high strength and fire resistance. Twelve hole loca- 
tions are indicated on the mold and are subsequently drilled 
through. High flexural and tensile strengths are obtained. 

D. D-C Motor Coil Spools. Polyester-molded spools use ma- 
terial with heat distortion of 400 F and impact strength of 6 {t- 
lb. Spools are of two types, totalling 20 sizes of moldings. 


Source 
Hampton, at. 
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Westinghouse Electric Corporation 


Vicarta Division, 


Fig. 3 Module connector. 


{miniature printed-wiring board 


may be plugged directly into a con- 
nector in the version of the folded 
contact shown in Fig. 2. These con 
tacts are on 0.075-in. centers and, be 


folded 


they make two distinct lines of contact 


cause of = their construction, 
with each etched circuit. The contacts 
in this device tend to polish the printed 
board contacts because of the use of 


the round beryllium copper wire 
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the skeleton in 


the s ap pile si 
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HEN you stamp your own aluminum 
circles or any irregular blanks, up to 
25% of coil weight ends up as scrap. 

You can eliminate this waste—plus labor 
of shearing and blanking—by buying circles 
or blanks direct from Fairmont. 

Fairmont is the source for circles. As a 
prime supplier of aluminum blanks to every 
utensil maker, Fairmont’s 30-year stockpile 
of dies is unduplicated anywhere. Find out 
how easily we can fill your requirements from 
our stock of dies. 


FAIRMONT ALUMINUM 
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Or by blanking from your dies in our plant, 
we can effect labor, material savings for you. 

Other Fairmont benefits: the consistent 
quality that is a Fairmont tradition . . . indi- 
vidual flash annealing for finer grain struc- 
ture .. . 100% inspection of every blank. 


FIND OUT ABOUT FAIRMONT'’S 
CUSTOM BLANKING SERVICE NOW 


A Fairmont engineer will be glad to give you details. Call 
your local Fairmont office. Or write Vice President, Sales, 
Dept. 32-1, Fairmont Aluminum Co., Fairmont, West Virginia. 


subsidiary of 


CERRO 


DE PASCO CORPORATION 





SPECTROL PRECISION MECHANISMS 


to Cockpit 
to Control 


When a test pilot rockets into the outer 
atmosphere for the first time driving ex- 
perimental craft such as North American's 
X-15, he'll feel as though he’s been there 
before. 


Before his first actual flight, the pilot trains 
for many hours in “dry land” rocket craft. 
There, he learns to cope with upper atmos- 
phere problems as posed by an analog 
computer. Every time he touches a control, 
the computer responds and the result ap- 
pears on the instrument panel in the train- 
ing cockpit. The entire bank of instruments 
reacts as though he were really “up there.” 
In this way, the pilot meets every conceiv- 
able situation long before he takes his 
powerful bird aloft. 

And what does Spectrol have to do with 
this important training program? 

Spectrol makes the link that joins the com- 
puter and the bank of instruments in the 
cockpit. This link, known as a servo re- 
peater, translates the computer's informa- 
tion into meaningful dial readings. As you 
know, such information must be trans- 
ferred quickly and accurately. 


Spectrol servo repeaters do just that. Key 
specifications for a typical unit now in 
production are: 
Maximum velocity: 360°/sec 
Acceleration in excess of 7000°/sec? 

Static accuracy better than 0.25 deg. at output shaft 
Other applications for Spectrol packaged 
servo repeaters include dial drives on GCA 
equipment, airborne computers and dc sys- 
tems in general. 


Spectrol PRECISION MECHANISMS 
free the systems engineer from building 
functional sub-assemblies. If you need pre- 
cise logical system modules combining in a 
single specification sub-assemblies using 
components such as gear drives, clutches, 
precision potentiometers and servomotors 
—Spectrol can help. 

For complete information, call your near- 
est Spectrol engineering sales representa- 
tive, or address Dept. 32. 
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ELECTRONICS CORPORATION 
1704 SOUTH DEL MAR AVENUE + SAN GABRIEL, CALIF. 
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ASSOCIATION Activities 


AIEE Names Fellows 


Nineteen members of the American 
Institute of Electrical Engineers have 
been elevated to the grade of Fellow. 
Among those so elevated are the fol- 
lowing: 

Marvin A. Baker, manager of prod- 
uct engineering, D-C Motor and Gen- 
erator Dept., General Electric Co., 
Erie, Pa., “for contributions to large 
rotating amplifying generators, d-c mo- 
tors and generators.” Frank M. Clark, 
consulting engineer-—insulation, Gen- 
eral Electric Co., Schenectady, N. Y., 
“for contributions to the development 
of electrical insulation through the 
application of chemical principles.” 
Gerhart W. Heuman, senior engineer 
on power utilization problems, General 
Electric Co., Schenectady, N. Y., “for 
contributions to design of magnetic 
controls.” Ray D. Jones, liaison engi- 
neer, Fort Wayne Laboratory, General 
Electric Co., Ind., “for contributions to 
extended range and life of small mo- 
tors, generators and dynamotors for 
military application.” 

J. Harold Karr, products manager, 
universal and d-c motors, Robbins & 
Myers, Inc., Springfield, Ohio, “for 
contributions to design of electric mo- 
tors and automotive directional sig- 
nals.” Marvin Lee, president, Burndy 
Corp., Norwalk, Conn., “for contribu- 
tions to engineering development of 
electrical connectors and connector 
Marion R. Lory, engineering 
manager, Large Rotating Apparatus 
Dept., Westinghouse Electric Corp. 
E. Pittsburgh, Pa., “for contributions 
to design of large synchronous motors 
and electric couplings.” Jay W. Picker- 
ing, manager, Control Div., Reliance 
Electric & Engineering Co., Cleveland, 
Ohio, “for contributions to development 
of automation by means of electronic- 
ally controlled systems.” 

Irvine E. Ross, manager, engineering, 
Specialty Motor Dept., General Electric 
Co., Fort Wayne, Ind., “for contribu- 
tions to development of communica- 
tions at high altitudes.” Clarence F. 
Schwan, Reliance Electric & Engineer- 
ing Co., Cleveland, Ohio, “for con- 
tributions to design of rotating ma- 
chinery, especially for high-frequency 
induction heating.” Gareth G. Somer- 
ville, manager, Development 
Laboratory, Distribution Transformer 
Dept., General Electric Co., Pittsfield, 
Mass., “for contributions to improve- 
ment of magnetic cores for power trans- 
formers.” Charles R. Vail, professor 
and chairman, Electrical Engineering 


tools.” 


Process 


Dept., Duke University, Durham, N. C., 
“for contributions to electrical engi- 
neering teaching and to synthetic in- 
sulations.” 


Instrument Society Programs 50 
Technical Sessions for Meeting 


Some 50 technical sessions on subjects 
such as sampling systems, laboratory 
instrumentation for analysis, process 
chromatography, and recent develop- 
ments in semiconductor and conven- 
tional strain gages are programmed for 
the Fall Instrument-Automation Con- 
ference & Exhibit of the Instrument 
Society of America. The date of the 
conference is September 26-30 in the 
New York City Coliseum. 

It is planned that at least three pa- 
pers will be presented during each 
conference session, the papers referring 
to all phases of instrumentation and 
applications in fields such as nuclear, 
chemical and petroleum, aeronautical 
and automotive, underwater instrumen- 
tation, and data handling and com- 
putation. Some 400 manufacturers of 
instruments and systems will be repre- 
sented at the five-day exhibit. 


Die Casters Plan Meeting 


The First National Die Casting Exposi- 
tion and Congress will be held in the 
Detroit Artillery Armory from Novem- 
ber 8-11, 1960. The Technical Congress 
will include eight separate sessions, two 
per day, each of which will have a 
minimum of three technical papers 
and/or panel discussions on the subject 
involved. 

Subjects, in the order in which they 
will be presented, are: “Die Design,” 
“Die Building,” “Metallurgical Devel- 
opments,” “What's Ahead in Die Cast- 
ing,” “Competition to Die Casting,” 
“Cost and Profit,” “Quality Control,” 
and “Vacuum Die Casting.” Morning 
sessions run from 9:30 A. M. to 12:00 
and afternoon sessions from 1:30 to 


4:00 P. M. 


Papers on Solid-State 
Circuits Requested 


Papers representing original contribu- 
tions in fields such as_ solid-state 
memory, storage and logic elements; 
solid-state microwave amplifying mech- 
anisms; solid-state devices performing 
an integrated circuit function; cry- 
ogenic digital and linear applications; 
novel types of solid-state devices; and 
advanced circuitry are invited. The 
papers will be featured at the 1961 
International Solid-State Circuits Con- 
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An outstanding illustration of SRC quality, reliability and safety is found in its 35 ampere 
sileon power rectifiers. For example, these hermetically sealed diodes are so conservatively 
rated that they will withstand 1200 ampere surges! 

These silicon rectifiers are nominally rated at 35 amperes and are available in a range of 
50 to 600 volts. Readily interchangeable with standard existing 35 ampere units, this entire 


premium rectifier series is now available for immediate delivery at no premium in price! 


For further detailed information and technical data send today for your free copy of the new 
SRC Silicon Rectifier Handbook and Catalog covering the full line up through 400 ampere units 


7 bstantiated by United Testing Laboratories 


STANDARD RECTIFIER CORP. , 


670 East Dyer Road, Santa Ana, California - Kimberly 5-824] 
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HUNTER SPRING COMPANY 
A Division of American Machine and Metals, Inc. 
LANSDALE, PENNSYLVANIA 


190 Circle 193 on Inquiry Card 








Sept. 6-8 Joint Automatic Control 
Conference (sponsored by AIChE, 
AIEE, ASME, IRE and ISA), Mas- 
sachusetts Institute of 
Mass. 


Technology, 
Cambridge, 


Sept. 6-16 Mac hine Tool Exposi 
tion and Production Engineering 
Show (sponsored by NMTBA), In 
ternational Amphitheatre and Navy 
Pier, Chicago. 


Sept. 7-8 Electronic Industries 
Association Conference on Value 
Engineering, Disneyland Hotel, Ana 
heim, Calif. 


Sept. 7-15 — Second Coliseum Ma- 


chinery Show, Chicago Coliseum. 


Sept. 14-15 Joint Military-Indus 
trial Test Equipment Symposium, 
Museum of Science and Industry, 
Chicago. 


Sept. 19-22 -— National Symposium 
on Space Electronics and Telemetry, 
Shoreham Hotel, Washington, D.( 


Sept. 21-22 
Symposium 
and IRE), 
land, Ohio 


Industrial Electronics 


AIEE 
Cleve 


{ sponsored by 
Manger Hotel, 


Sept. 22 
Plastics in Business Machines (spon 
sored by Society of Plastics Engi- 
neers), Sheraton Inn, Binghamton, 


N. Y. 


Technical Conference on 


Sept. 22-23 — American Ceramic 
Society Electronics Division Meet- 
ing, Hotel Schroeder, Milwaukee, 
Wis. 


Sept. 26-28 — Standards Engineers 
Society Annual Meeting, Hilton 
Hotel, Pittsburgh, Pa. 


Sept. 26-30 — Instrument Society 
of America International Conference 
and Exhibit, New York Coliseum, 
Hotel New Yorker, New York. 


Oct. 3-5 -— National Communica- 
tions Symposium (sponsored by 
IRE), Hotel Utiea and Utica Me- 
morial Auditorium, Utica, N. Y. 


ference (sponsored by the IRE), to be 
held February 15-17, 1961 on the 
campus of the University of Pennsyl- 
vania and at the Sheraton Hotel, 
Philadelphia. 

Abstracts of proposed papers (300 to 


Oct. 3-5 Annual Meeting of the 
IRE Professional Group on Nuclear 


Science, Gatlinburg, Tenn 


Oct. 4-6 Conference on Radio 
Interference Reduction, Museum of 


Science and Industry, Chicago. 


Oct. 5 


ference 


Plastics vs Corrosion Con 
Society of 
Mark Hopkins 


(sponsored by 
Plastics Engineers), 
Hotel, San Francisco. 


Oct. 5-6 
Vaiue Engineering (sponsored by 
EIA), Disneyland Hotel, Anaheim, 
Calif 


Second Conference on 


Oct. 10-12 National Electronics 
Conference (sponsored by AIEE, 
EIA, IRE and SMPTE), Hotel 


Sherman, Chicago 


Oct. 13-14 Society of the Plas 
tics Industry New England Section 
Conference, W entworth-by-the-Sea, 
Portsmouth, N. H. 


Oct. 17-19-—-Annual Meeting of the 
Conference on Electrical Insulation 
(National Academy of 
National Research Council), 
ham Hotel, Washington, D. ¢ 


Sciences 


Shore 


Oct. 17-19 
tive Control Systems (sponsored by 
IRE), Garden City Hotel, 
City, L. L, N. Y. 


“Symposium on Adap 


Garden 


Oct. 17-21 
position and { ongress 
by American Society for Metals), 
Trade and Convention Center, Phila 
delphia 


National Metal Ex 


{ sponsored 


Oct. 24-26 -— East Coast Confer- 
Acronautical and naviga 
tional electronics (sponsored bv 


IRE), Lord Baltimore Hotel, Balti- 
more, Md. 


ence on 


Oct. 26-27 
tions Symposium 
Armour Research Foundation of 
Illinois Institute of Technology), 
Morrison Hotel, Chicago. 


Applica- 
(sponsored by 


Computer 


Oct. 31-Nov. 2—-Radio Fall Meet- 
ing (sponsored by EIA and IRE), 
Syracuse, N. Y 


Syracuse Hotel, 


500 words) and 50-word summaries, 
both in triplicate, should be submitted 
to Jerome J. Suran. Bldg. 3, Room 115, 
General Electric Co., Electronics Park. 
Syracuse. N. Y.. not later than October 
14, 1960. 
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Powder Metallurgy Research 


.. new uses and improved materials based on 


Nature’s Oldest Element 


me 


BRUSHES for ali rotating electrical equipment Rare metal ELECTRICAL CONTACTS 


BRAZING TIPS 


Many of industry's most useful components are made . 
by Stackpole from Carbon ond Graphite Powders. 


SLPTE MBER 19% 


and 
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Carbon, its crystalline kin, 
graphite, and various metal 
powders are the raw materials 
of Stackpole Research—a spe- 
cialized branch of powder 
blending and molding aimed at 
developing new uses and im- 
proved manufacturing tech- 
niques for “Everything in 
Carbon but Diamonds.” 

Here, one of many new in- 
struments in the expanded 
Stackpole Research Laborato- 
ries—a nitrogen absorption 
analyzer — measures powder 
surface areas as part of a pro- 
gram to develop economical 
new techniques for milling car- 
bon powders. 
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New Carter 


acioc Gear Motor 


Beouble reduction mode! shown. 
Overoll Size 6 x 34 x 3%" high. Weight 5 Ibs. 


10 Single and Double Reduction Models 
With Shaft Output 10 to 750 R.P.M. 


Ideal power for business machines, computers, medical equipment, 
electronic and geophysical equipment, movie cameras, teleprinters, 
scientific instruments, duplicating machines, and many other uses. 
Entirely new in concept, employing advanced engineering practices and 
modern materials throughout. 


SINGLE REDUCTION 
ae a oe a aio 
CUA 203A1 200 3.0 
CUA 302A1 + 300 2.5. 
CUA 402A1 400 2.0 


DOUBLE REDUCTION 


CUA O11A2,..—=Ss«110.~S”~S~i=a DS 
CUA 024A2.—~C«S 

CUA 034A2..~——s: 30 

CUA S5O1AI 500 1.5 CUA 054A2 

CUA 751A1 750 1.0 CUA 103A2 


GEAR TRAIN FEATURES 
Single reduction gear efficiency up to 70%,! 
Both motor shaft worm and second worm case hardened for maxi- 
mum life on double reduction models. 
High speed first gear fibre for minimum noise. 
Low speed second gear bronze for maximum torque. Both first and 
second gear are on hubs permitting accurate factory setting. 
Shaft position easily changed to six different 30° positions. Change 
only position of 3 screws. 
®@ Motor shaft runs on ball bearings, gear shafts on bronze sleeve 
bearings. All gears life-time lubricated and sealed. 
* Also available as motor only, without gear reduction. 
WRITE FOR COMPLETE SPECIFICATIONS AND PRICES 





Carter Motor Company 


2708A West George Street + Phone JUniper 8-7700 © Chicago 18, Iilinols 
ene eee ee 


iP @ @ & 
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Kurt Ehrismana has been named chief 
product engineer of Filtors, Inc., New 
York relay manufacturer. He was for- 
merly project engineer in charge of 
design and development of telephone 
power equipment at National Pneu- 
matic Co. and Holtzer-Cabot, Inc. 


Eugene W. Boehne, consultant in the 
electrical field, has joined the engineer- 
ing staff of the I-T-E Circuit Breaker 
Co., Philadelphia. In his capacity as 
consulting engineer, research and de- 
velopment, he will assist and advise the 
1-T-E engineering staff in establishing 
a unified program to advance corporate 
research and development. Dr. Boehne 
has been professor of electrical engi- 
neering at the Massachusetts Institute 
of Technology and administrator of its 
cooperative course in electrical engi- 
neering since 1947. 


Three promotions within the Applied 
Research Department of Motorola's 
Communications Div., Chicago, have 
been announced. Jona Cohn has been 
appointed chief engineer of the depart- 
ment, and Theodore Saltzberg and Robert 
D. Mohler have been named heads of 
two sections within the department. 

Formerly assistant chief engineer in 
charge of the Digital Electronics Sec- 
tion, Dr. Cohn has been an engineer 
with Motorola for over 10 years. 

Mr. Saltzberg assumes the position of 
assistant chief engineer in charge of the 
Digital Electronics Section. At present, 
his group is developing a number of 
digital equipments for use with radio 
communications systems. 

Mr. Mohler has been named assistant 
chief engineer in charge of the Product 
Research Section. Prior to this appoint- 
ment, he was assistant head of this 
section. He has been with Motorola 
since 1951. 


Edward M. Pritchard has been named 
director of engineering for the Mili- 
tary Systems-Stavid Division of Lock- 

(Continued on page 195) 
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New G-E silicone varnish helps make 
QHT transformers up to 50% smaller, 


35% lighter 


SR-220 HAS SUPERIOR THERMAL STABILITY. CURES AT 150°C 


New SR-220 silicone varnish with outstanding high temperature resistance and low cure temperatures offers new 
opportunities to improve equipment designs. General Electric's Specialty Transformer Dept. took full advan- 
tage of this design flexibility to reduce size, weight and noise level of new QHT dry-type transformers. SR-220 
cures in same ovens used for organic varnishes, has excellent shelf life and tank stability. Whether the design 
objective is more compact equipment, increased life, or extra overload capacity, SR-220 will meet the task. 


tional silicone varnishes combined 
with low-temperature (150°C) cure 
increases application range of sili- 
muctee eramnate venous weet cane. cone varnish. SR-220 offers im- 

ASTM 00-1346, GLASS TAPES provements for all classes of 
insulation — without requiring in- 
vestment in high-temperature ovens. 


ate o Tewreeature ANG VARNISH 


4 Thermal stability superior to conven- 


New G-E Integral Distribution Cen- 

SoTNONe. en icens, ters also benefit from design flexi- 
bility afforded by silicone insulation: 
new compact design reduces floor t — 
space requirements 30°¢ . Unit com- [7 NEW DESIGN ———— 
bines QHT transformer with all = OLD DESIGN 
equipment for switching and pro- 
tection of incoming line and out- Write to Section K929 for free data: 
going feeders. “Silicones for Electrical Insulation.” 
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Silicone Products Department, Waterford, New York 


VOLTS PER wa 
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New 


Another Measurable Advantage 


from General 
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New CR104 push buttons help improve your machine appeorance, 


Electric Control 








cut your ponel space at least 40% 


FIRST COMPLETE LINE OF INDUSTRIAL 
MINIATURE OIL-TIGHT PUSH BUTTONS 


©@ Push buttons ® Selector switches 
® illuminated push buttons © Indicating lights 
© Push-to-test lights 


Now you can design entire panels with 
miniature pushbutton units and cut your 
panel space requirements at least 40 per 
cent! General Electric announces the de- 
velopment and immediate availability 
of industry’s first complete Industrial 
Miniature Ojil-tight Pushbutton line. 

This new CR104 line offers you the 
operating and functional units presently 
available in heavy-duty oil-tight forms 
—with an attractive appearance that 
enhances the design of your machines. 
A wide variety of operators is avail- 
able, plus various modifications, special 
units, and nameplates to meet every 


operating requirement. Color coding is 
available in both operators and rings to 
provide you the flexibility of many dif 
ferent color combinations. Also, enclo 
sures and pendent stations are available 
to accommodate from four to 42 units 
FOR MORE INFORMATION on this out 
standing new development in control 

and the “measurable advantages” it of 
fers you—contact your nearby G-E Ap- 
paratus Sales Office, or write for Bulle 
tin GEA-7127, General Electric Co., 
Schenectady 5, N. Y. Bi} 


You get 


MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


GENERAL @@ ELECTRIC 


SAVE PANEL SPACE. Twenty new General Elec- 
tric miniature units fit into the exact space re- 
quired for nine heavy-duty oil-tight push buttons 


han enencecnenandl 





heed Electronics Co., Plainfield, N. J. 


He will direct the activities of the | » oS 
Division's six engineering departments; ae 
Airborne Electronics, Electromagnetic | . 


Systems, Shipboard Electronics, Special 
Projects, Advanced Techniques and 
Advanced Systems. Dr. Pritchard was 
formerly employed by RCA, where he 
held several assignments, the most 
recent being chief systems engineer 


for the Airborne Systems Division of | a wa ore Thin Versatile 
Defense Electronics Products. a’ Co-Netic and 
William $. Aiken has been named | ' . Netic Magnetic 


director of engineering at Thompson- 

Ramo- Wooldridge Pela Co. He has | one. Shielding Folls Wraps easily 

been manager of the Project Engineer- | 

ing Department at the computer firm | au yning foil-wrapped components A & B 

for the past year. Mr. Aiken’s experi- 

ence includes work in guidance radar 

systems, aerial instrumentation, circuit ae. 

development, and missile systems as | How thin Co-Netic and Netic foils lower your mag- * — 
> . . é a ‘ Inserts readily to convert 

well as project engineering work on netic shielding costs: existing non-shielding 

industrial computer control installa- | 1) Weight reduction. Less shielding material is used 

tions. because foils (a) are only .004” thick and (b) cut and 

Cook Electric Co. has announced the contour easily. 

appointment of Donald K. Adams as | 2) Odd shaped and hard-to-get-at components are 

director of liaison engineering for its | ‘eadily shielded, saving valuable time, minimizing 

new TransDigital Systems division in tooling costs. 

Franklin Park, Ill. Prior to joining 

TransDigital Systems, Mr. Adams was 

project engineer for the U. S. Army 

Electronics Environmental Test Facility. 

His responsibilities included engineer- 

ing for facilities, electronic equipments 


Cuts readily to any shape with 
ordinary scissors. 


These foils are non-shock sensitive, non-retentive, re- 

. ar . Shielding cables reduces 
quire no periodic annealing. When grounded, they magnetic tadiation of 
effectively shield electrostatic and magnetic fields over shai 
a wide range of intensities. Both foils available from 
stock in any desired length in various widths. 


and systems, and special support | Co-Netic and Netic foils are successfully solving many 


systems. types of electronic circuitry magnetic shielding prob- 


Appointment of Willies Fitswater, je. lems for commercial, military and laboratory appli- 


as senior design specialist has been cations. These foils can be your short cut in solving Wrapping, tides prevents 
announced by Epsco-West, Anaheim, | ™agnetic problems. interference. 


California manufacturer of high-speed 

data control systems. He comes to the 

company from Autonetics Division of 

North American Aircraft, where he was 

senior design specialist engaged in 

microminiaturization studies and all | When accidentally exposed to unpredictable magnetic fields, presto! — your valuable 
types of analog and digital design. He | data is combined with confusing signals or even erased. 

also designed d-c amplifiers and preci- 


sion power supplies. 
Appointment of Van W. Bearinger as | 

director of research for Minneapolis- 

Honeywell Regulator Company and the | 


promotion of two other scientists to the 


newly-created positions of assistant re- For compiete, distortion-free protection of valuable magnetic tapes —_ Thin pliable foil wraps easily 


Lene : bee | during transportation or storage. Single or multiple reel Rigid around magnetic tape, maintain- 
search direc tore has n announced. | WNetic Enclosures available in many convenient sizes and shapes. _ ing original recorded fidelity. 
Named assistant directors are John N. 


Dempsey and Edward E. Rexer. Dr. 
Bearinger, who has been associate re- 


: : f s a8 | . Rigid Netic Composite pho- 

search director since 1956, joined | oe Ole end cs demenauat- 
oneywell in 1950 and s vise e- i : : in thickness) ing that mag- 
H y d —~ sed d niet a anh Shielded Rooms netic shielding 
velopment of power transistors * and Enclosures qualities of 


‘ : for safe, distor- Rigid Netic Alloy 
In their new assignments, Dr. Demp- | " tion-free stor. Material are not 
i ri} ~“tiviti j i we age of large significantly af 
sey will supervise activities involving Y ot : quantities of Se fected by vibration, shock (including dropping or 
infrared and ultraviolet sensors, ceram- / Ja hid corded magnetic bumping) etc. Netic ts non-retentive, requires no periodic 
ics and solid-state physics, while Mr. - 7 ae 
Rexer will be responsible for programs 
in the areas of magnetics, thin films Write for MAGNETIC SHIELD DIVISION PERFECTION MICA CO 
for computers, molecular electronics, | further details Pea Ts 
power sources for space flight, thermo- | today, 


dynamics and heat transfer. 
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NEW! SPRAGUE GR a ae 
CIRCUITRY 


for digital system design 


LOGILINE circuitry features a 
series of 5 mc/s transistor switch- 
ing circuits in building block 
form. Basically a pulse-level sys- 
tem, LOGILINE circuitry per- 
forms all of the digital functions 
required by computer designers, 
including combinational logic, 
temporary storage, pulse source, 
and pulse amplification. 

Because LOGILINE “building 
blocks” are pre-designed to in- 
corporate standardized switch- 
ing Circuits, you can save many 
hours of valuable design time. 
The basic plug-in feature, which 
has gained wide acceptance 
throughout the digital industry, is 
another note-worthy time saver. 


LOGILINE offers designers the flexibility of encapsulated 
packages and the versatility of conventional wiring 
board construction for standard equipment assembly. 


LOGIPAK* encapsulated packages 


e Epoxy encapsulated for protection against severe environmental! conditions 
@ Smaller in size than standard wiring board assemblies, in keeping with the mod- 
ern trend toward miniaturization e Priced lower than standard assemblies, due 
to simplified production techniques e Transistors are accessible for test or re- 
placement e Pins have standard grid module spacing of 0.1 inch e Standardized 
configuration—ideal for prototype design, equally suitable in final production. 


Logipak series includes: 

110021 Inverter 2100Z5 Deley 

1100Z2 Diode 310021 Clock 

1100Z3 Complementary Trigger 310022 Pulse Generator 
2100Z1 Flip-Flop 310023 Pulse Amplifier 
2100Z2 Trigger Network 310024 indicater Driver 
210024 Shift Register Flip-Flop 


LOGICARD* wiring board cards 


@ Epoxy glass etched wiring board and twenty-two pin 
connector in aluminum frame e Designed for insertion 
into pre-wired rack mounted panel e Completely inter- 
changeable with comparable units. 


Logicard series includes: 

1000Z1 = Inverter 200024 3-Digit Shift Register 
1000Z2 30 Diode 3000Z1 Clock 

2000Z1 = Flip-Flop 3000Z2 Pulse Amplifier 
2000Z2 Duwal Flip-Flop 3000Z3 = Pulse Generater 


2000Z3 —Delay 3000Z4 = indicator Driver 
*crademark 


For complete data on LOGILINE 
circuitry, or application assistance on your ; iY A 
digital design problems, write to Special ' 


Products Div., Sprague Electric Company, ap 
307 Marshall St, North Adams, Mass. iit anita abceita 
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COMPANY Briefs 


Giannini Scientific Corp., New York 
City, has acquired Wiley Electronics Co. 
of Phoenix, Ariz. Wiley Electronics, 
which specializes in the fields of co- 
herent radar and microwave radiometry, 
joins the other Giannini subsidiaries: 


| Plasmadyne Corp. and Plasmakote Corp. 
| of Calif., and Flight Research, Inc., Vu. 


Gulton Industries, Inc. Metuchen. 
N. J., has announced the acquisition of 
Systems Research Group, Inc., Mineola, 
N. Y. Systems Research is an organ- 
ization of specialists in the field of 
advanced analytical research and prob- 
lem solution in data processing, com 
puter programming, mathematical an- 
alysis and operations research. Gulton 
is engaged in materials research, elec 
tronic components, precision § instru- 
ments and systems engineering for con- 
sumer, industrial, medical and space 


applic ations. 


ie * 

Commercial-scale production of a new 
group of epoxy compounds is underway 
at the Institute, W. Va., plant of Union 


| Carbide Chemicals Co. The high-purity, 


light-stahle epoxy compounds being 
produced are Unox epoxides with 
cycloaliphatic structures and Flexol 
plasticizers for vinyl chloride resins. 


Beginning of fabricating operations 


| lw Ceramic Fabricators, Inc., Lyndhurst. 


N. J.. has been announced by Armand 


| © Hilaire. Ceramic Fabricators will do 
| custom fabricating, specializing in the 


precision machining of all ceramics, 


alumina, titania, glass and glass-bonded 
| mica materials. Mr. Hilaire was form- 
| erly in charge of the fabricating and 
| molding departments of the Mycalex 
| Corporation of America. 


Lower price levels for Lexan polycar- 
bonate resins, in advance of comple- 
tion and a start-up of General Electric 


| Company's manufacturing facility at 


Mount Vernon, Ind., which is scheduled 
for the third quarter of this year, have 
been announced 


The board of directors of Barry Con- 
trols, Inc., Watertown, Mass., and The 


| Wright Line, Inc., Worcester, Mass. 
| have recommended to their stockhold- 


ers that there be a merger of the two 
companies. The consolidated company 


| will be named Barry-Wright Corp. 
| Wright Line manufactures accessory 
| and punched-card handling equipment 
for data processing and computer sys- 


tems. Barry manufactures shock and 


| vibration isolators and suspension sys- 
| tems for aircraft, missiles, electronic 


equipment and industrial machinery. 
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PUTTING MAGNETICS TO WORK 


How to build a better (audio signal) trap! 


Magnetics Inc. permalloy powder cores give filter designers new attenuation 
and stability standards—and miniaturization to boot! 


The art of trapping unwanted frequencies has been 
advanced during the past year with a succession of im- 
provements in molybdenum permalloy powder cores by 
Magnetics Inc. Most audio filter designers now work 
with smaller cores, more stable cores and cores whose 
attenuation characteristics are ultra-sharp. Do you? 


Do you, for example, specify our 160-mu cores when 
space is a problem? With this higher inductance, you 
need at least 10 percent fewer turns for a given inductance 
than with the 125-mu core. What’s more, you can use 
heavier wire, and thus cut down d-c resistance. 


What about temperature stability? Our linear cores are 
used with polystyrene capacitors, cutting costs in half 
compared to temperature stabilized moly-permalloy cores 
with silvered mica capacitors. Yet frequency stability over 
a wide swing in ambient temperatures is increased! 
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And what do you specify when you must rigidly define 
channel cut-offs, with sharp, permanent attenuation at 
channel crossovers? Our moly-permalloy cores have vir- 
tually no resistive component, so there is almost no core 
loss. The resultant high Q means sharp attenuation of 
blocked frequencies in high anc low band pass ranges. 


Why not write for complete information? Like all of our 
components, molybdenum permalloy powder cores are 
performance-guaranteed to standards unsurpassed in the 
industry. Magnetics Inc., Dept. EM-82, Butler, Pa, 


MAGNETICS inc. 


, 
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VARIAN 
Potentiometer 


RECORDERS 


A preferred size for many 


uses because... 


8. FIVE-INCH CHARTS ARE 


CONOMICA 


A 50% savings in paper can 
mean hundreds or thousands 
of dollars in the life of a record- 
er. Five-inch charts are hand- 
ier too for notebooks, reports 
or files. And in round-the-table 
conferences, smaller charts 
can be set side by side, giving 
more data and less clutter. 


1 & 2 channel versions use same 
5-inch chart paper; 1% limit of error 
and 1 or 23g second full-scale balanc 
ing time; chart speeds from 3¢ inch 
per hour to 16 in./min.; prices from 
$365; numerous options described 
in Varian literature. Write the instru 
ment Division 


VARIAN 


PALO ALTO 23, CALIFORNIA 
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BOOK Reviews 


Edited by Avice Mary Hinton, Associate Editor 


Laplace Transforms for Electronic 
Engineers, James G. Holbrook, Per- 
gamon Press, Inc., New York (1959), 
259 pages, $10.00. 

This book, the tenth volume in the 

excellent International Series of Mono- 

graphs on Electronics and Instrumenta- 
tion, ought to be a popular reference 
book for what the author calls “elec- 
tronic” engineers. Mr. Holbrook, Re- 
search Engineer at the Missile Systems 

Division of the Lockheed Aircraft Cor- 

poration, considers the Laplace trans- 

form theory a subject for graduate 
study ; and he wrote this book “primarily 
for the practicing electronics engineer. 

It will be found of most interest and 

benefit to those who devote a portion 

of their leisure time to self-study and 
improvement.” 

The author further assumes that 
the electronic engineers who study this 
text will have completed the usual 
college-level courses in differential and 
integral calculus, as well as the usual 
B.S. courses in circuit analysis. 

Chapter I contains a review of the 
functions of a complex variable. This 
is a good idea in itself, because one can 
hardly understand Laplace transforms 
without understanding the functions of 
Laplace variables. Whether the author 
has succeeded in creating such under- 
standing is debatable. It is his premise 
that by making the reader familiar with 
the terminology he will lead him “to 
gradually (sic) take up the speech, and 
later to actually think in the new 
language of the s-world.” We are in- 
clined to think that imitating termi- 
nology is not enough to do anything but 
give the impression of knowing what 
is in reality completely obscured by 
empty words. 

If this book has any value for the 
practicing engineer, it lies in the at- 
tempt to relate mathematical theory 
to practical problems. Obviously the 
author has used the Laplace trans- 
formation sucessfully himself, and he 
gives ample evidence of the usefulness 
of this mathematical concept. The ex- 
amples he presents will undoubtedly in- 
spire readers to use this technique in 
similar circumstances, perhaps even to 
experiment further. This is useful, but 
also dangerous. For the principles of 
this ingenious and magnificently 
simple—idea of Laplace have been 
obscured in a maze of detail. Mr. Hol- 
brook has planted so many trees that 
we cannot tell whether they are firmly 


rooted in solid ground, and—although 
Mr. Holbrook must be presumed to 
understand the theories whose prolific 
applications he presents—the reader 
may feel too insecure to attempt any- 
thing more adventurous than sticking 
to the paths marked out for him. 

The appendices, in the form of tables, 
will prove useful indeed. Appendix I 
presents driving point transforms, trans- 
fer functions, and active transfer func- 
tions. Appendix II contains tabulations 
of operational transform 
Appendix III is a 30-page tabu- 
lation of Laplace transform pairs. 

This reviewer deplores the author's 
appearing to “talk down” to his reader. 
The mathematical terminology is often 
avoided. If the author believes his read- 
ers would not be familiar with mathe- 
matical terminology, he should, in a 
book on mathematics (and the subject 


Laplace 
pairs; 


matter of this book is pure mathematics 
which, as most pure mathematics be- 
comes sooner or later, is very practical 
and useful) have explained it. Proofs 
of theorems are, more often than not, 
omitted. This is deplorable, for a 
theorem cannot be understood unless 
its proof is clear, and a theorem—like 
any other intellectual tool—cannot be 
used creatively by anyone who does not 
understand its underlying reasoning. 
We must, finally, deplore the fact that 
Pergamon Press—who 

excellent 


the editors of 


usually publish material 


have permitted split infinitives and 
other literary blemishes to be printed. 


——A.M.H. 


infrared Radiation, Henry L. Hack- 

forth, McGraw-Hill Book Co., Inc., 

New York (1960). 288 pages, $10.00. 
In the course of editing an article for 
a magazine such as this, we often have 
occasion to seek an already published 
work on the same subject to use as 
background and corroborative infor- 
mation. Such an occasion arose in 
March when we published the Science 
and Engineering insert, “Infrared Fun- 
dementals and Techniques.” We found 
at that time that such references on 
this subject were practically nonexist- 
ent. Thus, Mr. Hackforth’s book is to 
be welcomed, not only for its mere 
presence in a sparsely propulated field, 
but also because it is of definite value 
in its presentation of the subject 
matter in a straightforward 
manner. 

The book is divided into two parts: 


clear, 
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Unit-mounted frame and coil part... 
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and “‘universal’’ contact blocks .. . 
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GENERAL ELECTRIC OFFERS 


NEW “building-block” d-c contactors and relays 


General Electric’s new line of d-c con- 
tactors and features a 
concept in component design—building- 
block construction. Using front-con- 
nected frame and coil parts, standard 
assembly kits, and “universal” contact 
blocks, more than 100 different control 
devices can be assembled. This new 
design concept makes possible these 
important cost-saving advantages: 

Reduced inventory—-with building-block 
design, you need to stock only a mini- 


relays new 


mum number of standard parts. Not 
only does this mean less costly inven- 
tory, but valuable storage space can be 
released! 
Immediate availability—with General 
Electric devices, the contactor or relay 
you want can be assembled on the spot! 
No need to order a specific device and 
await delivery, or stock a large num- 
ber of special ratings. Assemble what 
you want—when you want it! 

Order today from General Electric’s 





z 


~ 2 ~. 


> 


“Px 


aie) 
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complete line of stock d-c contactors 
and relays featuring the new building- 
block construction. 


NEED OTHER COMPONENTS? 


General Electric also has complete 
lines of plate rheostats and vitreous- 
enameled resistors for all your control 
needs. For more information, contact 
your General Electric Sales Repre- 
sentative or mail this coupon today! 
Industry Control Dept., Salem, Va. 
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Vitreous-enameled resistors—1070 ohmic 
ues from stock, fixed or slide-wire, 
200 watts. Call your G-E representative. 


val- 
5 to 


. 
, 


Plate-type rheostats—windings are com- 
pletely encased in metal to give longer and 
more reliable service for any application. 
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To: Section E784-25 
General Electric Co. 
Schenectady 5, N. Y. 


Please send the following bulletins: 


0 GEA-6621—D-c contactors and relays 
DO) GEA-6592—Vitreous-enameled resistors 
C1) GEA-6474—Plate-type field rheostats 


Name _ 

Company 

Address 

State 


City 
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permit assembly of more than 100 devices 
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basic principles, and applications. The 
former includes definitions of all the 
important nomenclature concerned with 
infrared and expositions of the basic 
equations (look out for Eq 2-4—the 
exponential 4 is on the wrong term). 
The second part on applications will be 
of particular value to engineers desir- 
ing a quick run-down on the use of 
infrared in a possible new product. 
Besides describing all the basic IR in- 
struments and their use, this section 
gives applications in experimental 
scientific areas, various industries, and 
space technology. —J.R. R. 


Transformers & Generators for 
Power Systems, RK. Langlois- 
Berthelot, Philosophical Library, 15 
East 40 Street, New York 16, N.Y. 
(1960), 541 pages, $12.00. 

The conspicuous quality of this book 

which puts it in a small but select class 

is its authoritativeness. Probably for the 
same reasons that the various works of 

Steinmetz are highly valued by those 

engineers and students who have dis- 

covered their almost unique forthright 
clarity, this work should be made avail 
able to all engineers who are concerned 
with electrical power equipment of any 
form. The direct, masterful expositions 
of synchronous machine, transformer, 
and power-circuit phenomena make 
these matters appear deceptively sim- 
ple, again because of the author's long 
and active experience and study 

AER 


Classification of Electron Tubes, 
J. Haantjes and H. Carter, The Mac- 
millan Company, New York (1960). 
100 pages with 2 fold-outs, $3.50 

If one could buy technical books for 

values which are essentially esthetic, 

this would be on every shelf. This is 
not to imply that the book is completely 
without technical worth— it’s just that 
the publishers have indulged in four- 
color artwork that is seldom found in 

technical books, and the result is a 

1ov to behold. 

The book is actually printed in the 
Netherlands, and the copyright is 
owned by N. V. Philips Gloeilampen- 
fabrieken, Eindhoven. For anyone fa- 
miliar with the basic construction and 
operation of the electron tube, it will 
serve only as a beautifully illustrated 
sourcebook, particularly with regard 
to the internal construction of the less 
common tubes. For the non-engineer 
or the initiate, it will be very valuable. 
It is unfortunate that some of the lan- 
guage and the tube types are European. 
It should also be pointed out that the 
classifications are with regard to (1) 
type of emission, (2) type of control, 
and (3) vacuum or gas filled. (No 
electrical characteristics are given.) 
The binding, incidentally, is slick 
paper, the artwork even slicker.—J.R.R. 
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Books Received 


Of the great number and variety of books 
received, those of interest to our readers 
are listed below. This list is far from com- 
plete. No attempt is made at a critical 
evaluation at this time, although we may 
review any of these books in a future issue 
of Evectrricat MANUFACTURING. 


fdvanced Engineering Mathematics, 2nd 
ed., C. R. Wylie, Jr., McGraw-Hill Book 
Company, Inc., New York (1960), $9.00. 

Basics of Digital Computers, Vols 1, 2, 3, 
John S. Murphy, John F. Rider Pub- 
lisher, Inc., New York (1958), $2.80 
rac h. 

Design of Transistorized Circuits for Digital 
Computers, Abraham I. Pressman, John 
F. Rider Publisher, Inc., New York 
(1959), $9.95. 

Direct Current Electricity, Alexander Efron, 
John F. Rider Publisher, Inc., New York 
(1960), $2.25. 

Drafting, 2nd ed. J. W. Giachino and 
H. J. Beukema, American Technical So- 
ciety, Chicago (1960), $4.75. 

Electrical Contacts—1959, The Pennsylvania 
State University, University Park (1960), 
$5.00. 

Electrical Engineering Science, P. R. Clem- 
ent and W. C Johnson, McGraw-Hill 
Book Company, Inc. (1960), $9.50. 

Fundamentals of Digital Computers, Mat- 
thew Mandl, Prentice-Hall, Inc., New 
York (1958), $7.95. 

Electric Network Synthesis: Image Param 
eter Method, Myril B. Reed, Prentice 
Hall, Ine., New York (1955), $8.65. 

Fundamentals of Elec tricity, ( alvin if 
Bishop, Chilton Company Book Division, 
Philadelphia (1960), $6.95 

Fundamentals of Electricity, 4h ed., re 
vised, Kennard C. Graham, American 
Technical Society, Chicago (1960), 
$4.75 

Networks, Lines and Fields, John D. Ryder. 
Prentice-Hall, Ine., New York (1955). 
$12.00 

Vetwork Synthesis, Norman Balabanian, 
Prentice-Hall, Inc.. New York (1958), 
$13.35 

Numerical Properties of Functions of More 
than One Independent Variable, H. . 
Thacher, Jr. G.E.P. Box, J. M. Ham- 
mersley, J. J. Kohn, R. D. Richtmyer, 
\. Sard, I. J. Schoenberg, A. H. Stroud 
ind I RK Turner, The New York 
Academy of Sciences, New York (1960), 
$3.00 

Physics and Mathematics in Electrical 
Communication, James Owen Perrine, 
John F. Rider Publisher, Inc. (1958), 
$7.50 

Radio-Television & Basic Electronics, R. L. 
Olfield, American Technical Society, Chi- 
cago ( 1960). $4.95. 

Statistical Theory of Signal Detection, Carl 
W. Helstrom, Pergamon Press, Inc., New 
York 

Theories of Scientific Method: The Renais- 
sance Through the Nineteenth Century, 
R. M. Blake, C. J. Ducasse and E. H. 
Madden, University of Washington Press, 
Seattle (1960), $6.50. 

Transistor Circuit Analysis and Design, 
Franklin C. Fitchen, D. Van Nostrand 
Company, Inc., Princeton (1960). 
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Type 10A Type 8B 


Write for latest technical data on Fansteel Silicon Power Rectifiers 
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FUNNEL FLANGE 
EYELETS 


Only the United Funnel 
Flange Eyelet contributes that 
greater mechanical strength, 
improved reliability and uni- 
form circuitry so necessary 
for achieving a superior PW 
or Etched Circuit Board. Wide 
range of sizes and lengths 
meet all board needs. 


These ‘*3 Steps to Excellence” 


Steps 


TO EXCELLENCE 


AUTOMATIC EYELETING 
MACHINES 


Only United offers such a 
complete line of Eyelet Set 
ting Machines. These are 
backed by more than 50 
years’ experience in the de- 
sign and manufacture of pre- 
cision production machinery 
for industry. The United 
Model G Eyeleting Machine 
feeds eyelets automatically 
and is equipped to compen- 
sate for variations in board 
thicknesses for more depend- 
able production. 


PW BOARDS 


COMPONENT INSERTING 
MACHINES 


Only from United can you get 
a complete line of high preci 
sion DYNASERT Component 
Inserting Machines that cut 
component inserting costs up 
to 80%! If you insert only a 
few hundred components a 
week DYNASERT machines 
should be considered. 
DYNASERT Component In- 
serting Machines automati- 
cally feed, trim, bend leads, 
insert components and clinch 
with uniform results. Highly 
engineered single or multi- 
stage machines available. 


Funnel Flange Eyelets, Auto- 


matic Eyeleting Machine, and Component Inserting Machines. . . 
can provide that vital extra margin of dependability and value in 
your PW or Etched Boards. And the investment is surprisingly 
small. Call or write for complete details. 


UNITED SHOE MACHINERY CORPORATION 
140 Federal Street, Boston, Mass. * Liberty 2-9100 
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Engineering 
Standards 


NEMA Standards 


The following NEMA Standards are 
available: 

FB 1-1960, Conduit and Cable Fit- 
tings and Accessories, 40¢. Fittings and 
accessories for flexible metallic conduit, 
service-entrance cable, armored cable, 
nonmetallic sheathed cable, and certain 
accessories for rigid conduit and metal- 
lic tubing are covered. 

HU 1-1960 (June 1960), Industrial 
Heating Units and Devices, 30¢. This 
publication has been revised to include 
recent information on electric strength, 
and covers cartridge heaters, tubular 
heaters, strip heaters, immersion heat- 
ers and tubular water immersion 
heaters. 

SK 50-1960, EIA-NEMA Standards 
for Color-Coding Semiconductor Devices 
(Diodes and Rectifiers), 25¢. This new 
publication covers devices for which 
type numbers have been assigned by 
JEDEC. 

Copies may be ordered from National 
Electrical Manufacturers Association, 
155 E. 44 St., New York 17. 


ASA Standards 


B18.2-1960, American Standard 
Square and Hexagon Bolts and Nuts, 
revised, $2.00. The standard deals pri- 
marily with certain length tolerances 
and replaces the 1955 edition. 

BS4.1-1960, New American Standard 
Identification Code for Ball and Roller 
Bearings, $4.00. The standard distin- 
guishes, as far as possible, each bearing 
on the basis of dimensional and func- 
tional interchangeability. B54.1_ is 
identical in all major technical provi- 
sions to ISO Draft Recommendation 
157, as yet unapproved, which was 
based on the ASA Standard. 

C19.1-1959, American Standard for 
Industrial Control Apparatus, $2.20. 
Electric, magnetic, mechanical or elec- 
tronic devices which serve to govern in 
some predetermined manner the elec- 
tric power delivered to the apparatus 
to which they are connected are covered. 
Limited to devices intended to function 
on commercial voltages of 750 volts d-c 
or less, and 500 volts a-c or less. 

$2.2-1959, American Standard Meth- 
ods for the Calibration of Shock and 
Vibration Pickups, $2.50. 

These are available from American 
Standards Association, 10 E. 40 St., 
New York 16. 
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TWO NEW SOLUTIONS FOR ““HOT’’ WIRE PROBLEMS 


---FROM YOUR OULICGOWES WAN 


mn 

oe new low shrink silicone rubber insulating com- 
pounds... developed by the UNION CARBIDE Silicones 
Man...are now solving many of today’s electrical wire 
and cable insulation problems. Offering good dielectric 
and physical properties with easy processing, they are 
ideal materials for air frame applications, motor truck 
wires, motor leads and hook-ups, small appliance wiring, 
and marine wiring. 

UNION CARBIDE K-1347 Silicone Compound is a pre- 
mium quality stock that meets tight military and indus- 
trial specifications. It has high green strength, remilling 
is easy, and it is readily colored for coding. Easily ex- 
truded, it provides a smooth, non-porous, high gloss sur- 
face, and can be braided without postcure. Physical prop- 
erties are excellent using either steam or hot air cures. 

For economy operations where good, but not pre- 
mium, physical properties are needed, lower cost UNION 
CARBIDE K-1357 may well fill all requirements. Avail- 


Uniocking the secrets of silicones 
Rubber, Monomers, Resins, Oils and Emulsions 


“Union Carbide” is a registered trade-mark of UCC. 


able precatalyzed in both slabs and coiled strips, it can be 
fed directly from carton to extruder on most equipment. 

Both silicones have outstanding retention of tensile 
strength and elongation after prolonged exposure to high 
temperature. Both have dielectric strength of 1000 
volts /mil. Both can be cured with either steam or hot air. 
And both are low shrink compounds. K-1347... for pre- 
mium properties. K-1357... for economy. 


For more information, write or call your UNION 
CARBIDE Silicones Man, or Dept. 1J-9905, Silicones 
Division, Union Carbide Corporation, 270 Park Avenue, 
New York 17, N. Y. (In Canada: Bakelite Company. 
Division of Union Carbide Canada Limited, Toronto 
12, Ontario.) 


Tey 
Weis OILICONES 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of ELec- 
TRICAL MANUFACTURING, the board 
of editors determines which editorial 
articles are te be made available 
to readers in reprint form.. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular Evecrricat Man- 
UFACTURING reader qualifies for one 
copy of all single-article reprints, 
without charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


(© 911—Flat-Conductor Flexible Cables and 
Connectors for Fiat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. A two-part article discussing flat- 
conductor cable systems. The first part in- 
cludes cabling techniques and performance 
characteristics of flat-conductor flexible 
cables. Specific data are given on load-carry- 
ing capabilities, crosstalk, r-f attenuation, 
and on shielding techniques, among other 
considerations. The second part discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. Several connector designs are 
illustrated and specifications for a standard 
conductor are presented. Finally, the advan- 
tages of the flat-conductor cable system are 
summarized. 


( 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


() 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomo- 
graphs (with emphasis on the latter) which 
can be used to record and display data. 
Specific instructions for constructing nomo- 
graphs, including pivoted, unevenly spaced, 
and “N” types. 


( 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre 
distortion is defined and the predistortion 
procedure explained. An illustrative example 
of predistortion is given. Reverse predistor 
tion is discussed. Illustrative examples of 
uniform and nonuniform reverse predistor 
tion are presented which may be applied 
to the exact design of practical networks. 


0 956— Amplifier Output Cir- 
cults, August 1960, 5 pages. A straightfor- 
ward method for comparative evaluation of 
complex reversible-half-wave and reversible- 
full-wave magnetic amplifier circuits as 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these 
reprints are desired the rates to 
govern are indicated below. Re- 
mittance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


Vo. of Number of pages 
Reprints 4-12 16-32 


1 Gratis (ratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


building-block arrangements of basic half- 
wave self-saturating circuits. Figures of 
merit are given for over 50 output circuit 
combinations. 


© 901—Function Generators Using the 
Hall Effect, August 1960, 3 pages. The na- 
ture of the Hall effect is reviewed, and the 
fundamental voltage and geometrical rela- 
tions are presented. On this basis the possi- 
bility of using the Hall phenomenon for 
angular function generators is investigated, 
and the various potential characteristics of 
such generators considered. 


(|) 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


() 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


1 916—Logic—and the Principles of Pro- 
gramming, July 1960, 8 pages. Programming 
techniques are based upon the principles of 
logical reasoning, expressed by a Boolean 
algebra, and the propositional calculus. Bas- 
ic principles are explained. Automatic pro- 
gramming and machine languages—designed 
for the scientist and engineer who has little 
knowledge of digital computers and who 
wants to write his own programs—are pre- 
sented. Typical examples are given. 


[) 919— Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types. Se- 
lected transistors representing these four 
types were tested in an environment equiva- 
lent to that of a nuclear explosion. Damage 
data were analyzed so that behavior of pres- 
ently available transistors could be predicted 
and related to missile design. The mecha- 
nism of damage is explained and data analy- 


sis for radiation damage is given in graphs 
and charts. 


© 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized, 
covering a broad range of relay-development 


aspects. 


© 926—Plastics Molding Materials for 
Structural and Mechanical Applications, 
May 1960, 11 pages. A review of plastics 
molding materials, based on structural and 
mechanical properties and design parameters. 
Newer materials are described in detail. Sig- 
nificance of test methods is discussed, with 
supporting tables and graphs. 


©) 920—Materials and Techniques for Mi- 
crominiaturization (Parts 1 and 2), May 
and June 1960, 16 pages. A combined re- 
print of a two-part article giving in detail 
the past, present, and future state-of-the-art 
of microminiaturization. Covers the reduc- 
tion in size and weight of all subminiature 
electronic component parts including: sub 
strates, conductors, resistors, capacitors, pro- 
tective coverings, inductors, solid-state di- 
odes and transistors. Also includes thin-film 
techniques and integrated solid circuits. 


© 935—Precision Ball Bearings for Elec- 
tromechanical Instruments, May 1960, 4 
pages. Elements of ball-bearing application 
factors in representative types of critical in- 
struments such as servos, synchros, resolvers, 
gyro gimbal bearings and gyro spin motors 
Bearing design, materials, lubricants, load- 
ing, life expectancy and fits are discussed, as 
related to bearings approximately 1 in. OD 
and smaller. 


[) 941—Thermoclectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commercial thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Examples of cooling 
problems are worked out. 


"] 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni 
versal ratio sets can be calibrated by boot- 
strap methods, also how two standard types 
of instrument potentiometers can be cali- 
brated using the standard cell and a univer- 
sal ratio set. 


() 948—Power-Supply Circuit Design by 
Digital-Computer Method, May 1960, 7 
pages. Designing power-supply circuits with 
the help of a digital computer relieves the 
design engineer of many time-consuming, 
routine chores. Laboratory data are com- 
pared with the computed data. 


© 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re- 
visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to ELectricar 
MANUPACTURING. 
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© 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 


April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
For the designer of logical circuitry, 
this tabulation provides not only an 
at-a-glance “translation” from one 
symbolism to another, but also the 
conversion from sums to products 
(and vice versa). 


) 934 — Distributed - Parameter Networks 

for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, it is demonstrated 
that circuit performance unobtainable with 
lumped-parameter arrangements can be 
achieved by the layer method. 


() 928—Magnetiom Research Pushes New 
Engineering Developments (Parts I and II), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


[) 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. The properties of copper and 
its alloys are related to the design needs of 
electronic equipment and systems. Applica- 
tions of materials to design parameters are 
illustrated and developed 


() 921—Powder Metallurgy Parts — Their 
Advantages in Design, March 1960, 9 pages. 
A definitive exposition of the advantages of 
powder-metallurgy techniques in design of 
electrical and electronic components. Spe- 
cific case histories illustrate design experi- 
ence with these compacted and sintered ma- 
terials. Properties and other design parame- 
ters are explored and illustrated by charts 
and photographs. 


() 927—Fine-Pitch Gear Trains, March 
1960, 7 pages. Gear quality classifications, 
center-distance considerations, and backlash 
problems are discussed with respect to fine- 
pitch gear applications in electromechanical 
computers, servo-positioning feedback sys- 
tems, instruments and radars, and in line 
with current and projected ASMA standards 


) 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Since “wire size” in 
terms of either diameter or area is a primary 
factor in coil design of any kind, mathe- 
matical relations for design must include it. 
For practical reasons, wire size is a step 
function: only particular sizes are available 
Coil design therefore becomes a matter of 
judicious compromise, involving successive 
approximations. Graphic methods are pre- 
sented for facilitating d-c and a-c coil de- 
sign to minimize repetitive computations. 
Derivations and examples support the design 
charts. 


() 905—The Esaki “Tunnel” Diode, Feb- 
ruary 1960, 12 pages. Theory of operation 
of the most recent addition to negative-re- 
sistance semiconductors is explained in 
terms of the wave-like properties of elec- 
trons. The diode’s small-signal behavior is 
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described, its application as a low-noise am- 
plifier examined, and its noise figure of 
merit established. Other uses are as low- 
level oscillator and an ultra-fast bistable 
switching device. 


© 923—Design Techniques for Static In- 
verters—Parts 1 and 2, January and Feb- 
ruary 1960, 20 pages. Combined reprint of 
a two-part article giving the theory behind 
the circuits of a complete semiconductor in- 
verter (primarily for aircraft use) and prac- 
tical advice on the actual design of such 
instruments. The inverter is broken down 
into 5 subcircuits—oscillator, control, drive, 
power and filter—and many examples of var- 
ious types of each are given. Space, weight 
and efficiency problems are also considered. 


() 943—P-N-P-N Four-Layer Diodes in 
Switching Functions, January 1960, 7 pages. 
Theory of operation of two-terminal tran- 
sistor-like devices which can be switched by 
changing the voltage across them or the cur- 
rent through them. Applications include 
pulse generators and core drivers, ring coun- 
ters and multivibrators. Mathematical ex- 
pressions derived for operating parameters. 


() 915—Editorial Index to ELec- 
TRICAL MANUPACTURING for 1959, 24 
pages. This yearly subject-classified 
index is completely annotated. In- 
cludes author index, plus separate in- 
dices for Editorial page, Design 
Trends, and Research Notes depart- 
ments. Also reproduces the ELec- 
TRICAL MANUFACTURING Subject Clas- 
sification and Alphabetical Subject 
Cross Index which form the basis of 
the index system. 


() 946—Prevention of Electric Shock Haz- 
ard as a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance of stress- 
ing electric shock hazard factors in the 
preliminary stage of equipment design is 
discussed. Applicable data from the litera- 
ture have been analyzed and suitable graphs 
and nomographs derived for design purposes. 
Major shock hazards such as large non-cur- 
rent-carrying metal parts and exposed sharp 
parts are discussed, as well as other specific 
design problems. 


() 945—Research Progress in Dielectrics— 
1959, January 1960, 11 pages. The 13th an- 
nual on-the-spot review of the Conference 
on Electrical Insulation of the National 
Academy of Science-National Research 
Council. The review abstracts and interprets 
the papers and discussion in the light of 
their short-range and long-range effects on 
problems in equipment and systems design. 
Included are discussions on research activi- 
ties in high-temperature materials, nuclear 
radiation effects, capacitor dielectrics, mi- 
crowave properties, and associated test 
techniques. 


() 906—Magnetic Amplifier Computing 
Control Circuits, December 1959, 9 pages. 
Building-block approach to analog control 
circuitry using standardized plug-in preci- 
sion magnetic amplifiers. Covers amplifier 
design of one manufacturer, basic circuits, 
typical applications, and procedures for 
designing equation-solving circuitry to imple- 
ment Laplace transforms. 


() 904—Aluminum — Its Electromechanical 
Function in Design, December 1959, 11 
pages. This Staff Report stresses the mechan- 
ical and structural uses of aluminum and its 
alloys (as distinct from electricul conductor 
applications) in a wide spectrum of electri- 


cal components and equipment. Applicable 
properties and their design significance are 
discussed and suitable graphs and tabular 
data are provided. Special considerations 
such as effects of corrosion, thermal condi- 
tions, and fabrication discussed in detail. 


() 937—Effects of Temperature on A-C 
Properties 


Magnetic of Nickel-Iron Alloys, 
December 1959, 6 pages. A report on the 
second half of a two-part study to provide 
design data for development magnetic de- 
vices and to observe temperature-compensa- 
tion parameters for existing applications. 
Results are reported in the form of curves 
for 60, 400, and 1000 cps describing varia- 
tion of core loss per unit of weight and rms 
exciting volt-amperes per unit of weight as 
temperature varies. Six alloys are reported 
for the temperature range —60 to +250 C. 


() 939—Inherent Motor Overheat Protec- 
tion Moves inside the Field Coils, November 
1959, 8 pages. Two solutions to the problem 
of putting temperature sensors in the stator 
windings of induction motors are described, 
both involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature-coeffi- 
cient resistor mode. Cutler-Hammer's ap- 
proach makes use of the well known negative 
temperature coefficient of thermistors ap- 
plied in a transistor circuit. 


() 917 — Motor-Blower Selection Factors, 
November 1959, 6 pages. Performance char- 
acteristics and factors such as relative space 
and cost of the two principal forms of blow- 
er impeller are discussed. The economics 
and engineering aspects of direct motor 
drive are compared with belt drive for blow- 
er as a guide for selection. 


() 942—The Four-Bar Linkage as a Func- 
tion Generator, October 1959, 9 pages. Ad- 
vantages of the four-bar linkage as a com- 
puting and control element are outlined, 
with examples of both graphic and analyti- 
cal methods of linkage design and evalua- 
tion. 


(| 932—Core Factors in Magnetic Switch 
Performance, October 1959, 4 pages. In 
“rectangular”-loop core materials for static 
switch applications, permeability variation is 
a major and uncontrollable factor. Core test 
and switch design methods for determining 
and compensating for magnetic variations 
are presented. 


C) 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This reprint is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” by Ira Ritow 
(see p 145). For those who ordered 
the latter previously, this chart may 
now be obtained individually free of 
charge by circling the proper number 
on the Reader Service postcards at 
end of book. 


() 910—Effects of Temperature on Mag- 
netic Core Materials, October 1959, 8 pages. 
Primary design data for most commercially 
significant magnetic alloy types used for 
transformers, magnetic amplifiers, relays, 
servomotors, etc. in military applications. 
Measurements include d-c magnetization 
curves, initial and maximum permeabilities, 





DISCERNING = 
DRAFISMEN 
THE WORLD OVER 
DEMAND IMPERIAL 
THE WORLDS FINEST 
TRAGING CLOTH 


Circle 207 on Inquiry Cord 


Why You Should 


Insist On 
KIRKWOOD 
COMMUTATORS 


KIRKWOOD duroble STEEL CORE or 
economical MOLDED CORE commutators ore precision 
made for longer, efficient life. They fit right the first time. 

KIRKWOOD steel and molded slip or 
collector rings meet the same standards of quality. You 
can depend on them to run true, eliminating sporking 
ond excess brush weor, safeguarding efficiency from 
source to lood. 

Send us your prints for estimates on 
new commutator or slip ring designs for special op- 
plications. - , 
KIRKWOOD commutotors ronge from 
%” to 50” in diameter. 


KIRKWOOD COMMUTATOR core. 


os 4855 West 130th., Cleveland 35, Ohio 
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plus a-c and d-c values of “squareness” 
ratio, remanence, saturation magnetization 
and coercivity for L-Silectron, Transformer- 
A, 11.7 and 15.5 Alfenol, 3 Mo Thermenol, 
Supermendur, 7-70 Perminvar, Orthonol, 
AEM 4750, 4-79 Mo Permaloy. 


[) 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for the 
application of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint Indus- 
try Conference held in Detroit, March 
1957. Single reprints, no charge. Mul- 
tiple quantities may be obtained at 
the following prices: 5—~$3.75; 10 
$6.00; 25—-$12.50; 50—$20.00; 100 
$30.00. Send check with order pay 
able to ELectricaL MANUPACTURING, 
205 East 42 Street, New York 17 


() 913—Engineered Cooling Cuts Equip- 
ment Bulk, September 1959, 10 pages. The 
essential theory and key design concepts of 
heat-flow engineering were established in the 
Basic Science article “Heat Flow Theory” 
(ELECTRICAL MANUPACTURING, April 1959 
see also Basic Science Reprints page in this 
issue). The present article, by the same au 
thor, projects these principles into specific 
analytical design procedures for heat ex- 
changers for cooling and adding heat as 
desired in equipment assemblies and enclo- 
sures 


) 922—Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. Internal 
standards for the electronic portions of ma 
chine control systems, prepared by the 
Plant Engineering Electronics Committee of 
General Motors Corp., are offered for gen 
eral industry use in conjunction with the 
JIC Standards for Industrial Equipment (see 
Reprint 924) 


PLUS or Minus 


(Continued from page 21) 


are built by myopic minds who cannot 
see the unexplored intellectual infinity 
around them. We are so accustomed 
to the notion that philosophers have 
nothing in common with mathemati- 
cians that we teach our children that 
they will either be “good at” mathe- 
matics or English, and we condition 
them—before they can defend them- 
selves—to believe themselves capable 
of understanding either one symbolism 
or another, and to take for granted 
that they will never be able to learn 
the other’s symbolism and communicate 
with him. Thus a lethal blow divides 
the body of human knowledge into life- 
less fragments. 

Everyone intelligent enough to have 
acquired the skills of his profession 
can—and must—learn to understand 
the basic principles employed to plow 
other fields. We believe that this is a 

(Continued on page 215) 
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Nowil.. 


SQUARE D PRECISION SNAPSWITCH 
- AVAILABLE WITH 2 POLES! 


Same size and mounting 
as single-pole switch 


Here’s a precision snap switch which combines 
2-pole versatility with high electrical ratings— 
and takes no more space than a single-pole 
switch! 

The new switch is available either single- 
throw (2 normally open or 2 normally closed) 
or double-throw, and like the single-pole switch, 
it features: double-break contacts—large screw- 
type terminals—strong melamine case—simpli- 
fied mounting...a design which assures reliabil- 
ity, precise repeat accuracy and long mechan- 
ical life. 


Welle tor details. Square D Company, Dept. SA. 
4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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BASIC SCIENCE Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or related 
subjects are available at the nominal 
prices indicated in each listing. For 
ordering convenience, use the handy 
Order Form below. Orders must be 
accompanied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 


ORDER FORM | 


No. of 

Basic Differential Equations 
Thermoelectric Effects 
Network Analysis 


Determinants and Matrices 
Sampled-Data Systems 


The Electric Field 


Heat Flow Theory 


Slide Rule Mathematics 


TTL TE ETEEE EEE EEE EEL ELL 


Total Copies 


NAME 
COMPANY .. 


ADDRESS 


208 


The Nature and Control of Corrosion 


Microwaves—Principles and Devices 


Electrical Analogs for Mechanical Systems 
Transformer Materials for Extreme Environments 
Ring Binder for Science & Engineering Reprints 
Introduction to Molecular Engineering 
Logic—and Switching Circuits 
Infrared—Fundamentals and Techniques 


Automatic Control System Design 
Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics 


Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 


Fundamentals of Ferromagnetism 

Using Fourier Analysis in Design 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


Casting Resins and Application Techniques 


delivery. Make checks payable to 
ELectTRICAL MANUFACTURING. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the prices at right (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
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[1 The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study 
of the causes, mechanics and chemistry of 
corrosion. Interpretation of the basic types 
of corrosion and methods for prevention 
are outlined and discussed. Design conside- 
rations and specific types of materials and 
treatments are interpolated for control of 
specific types of corrosion encountered in 
engineering design. The nature and specifica- 
tion of materials are detailed for better un 
derstanding of current literature $1.00 


Principles and Devices, 
August 1960, 24 pages. An introduction to 
theory and techniques involved with that 
portion of the spectrum known as micro 
waves. Basic laws and equations of electric 
and magnetic fields include a derivation of 
Maxwell's equations. From this foundation, 
the discussion proceeds to the propagation 
of microwaves in various media, including 
two-conductor, round and square wave- 
guides. Principles are applied to the design 
and use of four important, practical types 
of microwave equipment: the slotted line, 
the dummy load, rotary joints, and pre 
selectors $1.00 


Microwaves — 


) Basic Differential Equations, July 1960, 
20 pages. Differential equations are mathe- 
matical models to describe relationships of 
mass, motion and time as functions of inde- 
pendent variables. In network applications, 
the independent variable is always time; in 
non-network applications it is length or 
time. The physical problems of the effects 
of mechanical forces, of temperature, of vi 
bration, etc., expressed by mathematical 
symbols, can be analyzed and solved. Basic 
differential equations and methods of solu- 
tion are demonstrated $1.00 


| Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. Dynamic states 
of mecharical systems are readily visualized 
and evaluated by translation of the system 
parameters into electrical network equiva- 
lents and the use of network analysis meth 
ods. The reasoning behind the analog ap- 
proach, and the various analog forms which 
may be used, are explained and illustrated 
Included are thorough discussions of the 
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principle of duslity of analog, the reasons 
for choosing a c!:cuit or its dual for a par- 
ticular analysis, and the use of distributed- 
parameter networks (long lines) to simulate 
certain mechanical elements. $1.00 


© Transformer Materials for Ex- 
treme Environments, March, April, 
May and June 1960, 28 pages. A se- 
ries of four articles interpreting re- 
search and development on small 
transformers designed to operate un- 
der extreme environments of 500 C 
temperature and nuclear radiation. 
This series on the work carried out 
under Air Force and Bureau of Ships 
contracts presents the development 
and results of research on: electrical 
insulation materials, magnet wire 
(both wire and insulation), magnetic 
core materials, and transformer struc- 
tural materials used in the design of 
these components. $1.00 


“) Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. The definitions are supported 
by brief examples. The various approaches 
to molecular engineering are examined. 
Considerations such as purity and form of 
materials are discussed. Part II examines the 
elements of the classical macroscopic ap- 
proach to the behavior of materials as well 
as the microscopic or molecular approach. 
Part III provides extended examples of mo- 
lecular engineering in the areas of electrical 
insulation, microwave amplifiers, thin-film 
devices and microminiature electronics func- 
tion blocks. Tables, charts, literature refer- 
ences, and glossary $1.00 


© Legie—and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle's 
syllogism, developed into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-sche- 
matic form. Modern logic is presented as a 
powerful tool for the engineer who must 
find the optimum out of many possible solu- 
tions to a problem for which there is no 
unique, neatly labelled truc-or-false answer. 
The article deals with methods applied to 
solve the problems of circuit synthesis, the 
principles of circuit design, and the funda- 
mental ideas which can be applied to the 
design of the most complex circuitry. The 
principles underlying the design and use of 
computing machines are given. $1.00 


© Infrared—Fundamentals and Techniques. 
March 1960, 28 pages plus cover. A com- 
prehensive introduction to the theory of one 
of the most rapidly growing fields in engi- 
neering. Basic principles of radiation and 
detection (including Wien's Law, Rayleigh- 
Jeans Law) are derived and explained. Ef- 
fect of infrared on metals, ionic crystals, 
and semiconductors is described with regard 
to the use of these materials in infrared sys- 
tems and devices. Various types of sources, 
windows, prisms, detectors, and spectro- 
graphs are discussed qualitatively. Also in- 
cludes theory of use of infrared in practical 
applications such as thermal mapping, mis- 
sile tracking, chemical analysis, etc. $1.00 


© Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
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oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
view. Four basic applications of thermoelec- 
tric phenomena are considered: power gen- 
eration, heating, cooling, and temperature 
sensing. Author Robert P. Benedict, of 
Westinghouse Electric Corp., is an authority 
on thermocouples. $1.00 


© Network Analysis, January 1960, 28 
pages plus cover. With preliminary concen- 
trated treatment of elementary concepts of 
circuit analysis, the author presents a discus- 
sion of present-day practices in network en- 
gineering and their theoretical background. 
Network theory as a coherent and unified 
study is stressed, as contrasted with the less 
powerful and less useful traditional ap- 
proach to circuits which involved isolated 
and unrelated “methods” of analysis. $1.00 


© Determinants and Matrices, December 
1959, 20 pages plus cover. The electrical net- 
work is used as the primary example of the 
engineering problem in which analysis leads 
to mathematical systems of equations that 
readily become so numerous and involved 
as to require an objectionable amount of 
time for manipulation. The principles treat- 
ed in this article apply to all problems in- 
volving numerous mathematical statements. 
Included are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher-order 
systems, and the underlying principles of 
matrix algebra with examples to demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 
hand. $1.00 


©) Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch, analog- 
digital converter, digital computer, etc. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Written by 
Carl O. Carison of the National Cash Reg- 
ister Co., whose contributions to the art in- 
clude: the use of the normalized sT plane 
for analyzing sampling adequacy, “pseudo- 
sampling” for determining between-sample 
response and the use of the z transform for 
table-generating function. The last is pre- 
sented for the first time in this article. $1.00 


© Lew-Nolse, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
An _ engineer-oriented examination of the 
basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. Written 
by R. D. Haun, Jr., and T. A. Osial of the 
Westinghouse Research Labs. $1.00 


© Digital Methods in Measurement and 
Control, September 1959, 20 pages plus cov- 
er. This review of digital techniques covers: 
(1) characteristics and advantages of the 
digital, or numerical approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage, including 
flip-flops, AND, OR, NOT, NOR circuits, com- 
parators, memory devices and relative char- 
acteristics of cores, tubes, transistors and 
relays; (4) digital measurement devices, in- 
cluding pulse generators, counters, voltage 


converters, proximity pickups and position 
transducers; (5) digital control actuators. 
Written by Michael H. Nothman, Gilfillan 
Bros., Inc., Los Angeles. $1.00 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition polymers; the chemistry of condensa- 
tion polymers; the theoretical basis for me- 
chanical, electrical and chemical properties 
of polymers. Bibliography and glossary pro- 
vided. Written by Thomas D. Callinan, Re- 
search Center, International Business Ma- 
chines Corporation, and Alex. E. Javitz, 
Special Features Editor, EvectricaL MANU- 
FACTURING. $1.00 


© The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
in Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
fects in Devices. Written by Paul G. Jacobs, 
Associate Editor, ELecTRicaL MANUPACTUR- 
ING. $1.00 


© The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The nature of 
shock and vibration is given in terms of 
classical physics and mechanics. The major 
types of vibration are discussed (periodic, 
random, structural and airborne); also the 
major types of shock (velocity, simple im- 
pulse, single complex and multiple). Com- 
bined environments are also treated. A sec- 
tion is devoted to the effects of shock and 
vibration on missile electronic components. 
Types of damage are tabulated and ana- 
lyzed; principles of testing are given; specifi- 
cations are summarized. Glossary and Bibli- 
ography included. Author is Dr. Irwin 
Vigness, Head, Shock and Vibration Branch, 
Mechanics Division, U. S. Naval Research 
Laboratory. $1.00 


© Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of met- 
allurgy are presented and structural charac- 
teristics of metals related to design concepts. 
Physical and mechanical properties of met- 
als defined. The nature and specifications of 
metals are detailed for better understanding 
of current literature. The effects of environ- 
ment and mechanisms of damage are illus- 
trated. Iron and steel, alloys of aluminum, 
precious and rare metals, copper, nickel and 
magnesium are presented in their basic de- 
sign relationships to fundamental properties. 
Written by S. H. Avner, N.Y.C. Community 
College, and Harold E. Barkan, Associate 
Editor, ELECTRICAL MANUPACTURING. $1.00 


© Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering 
feature both safe and handy will 
want this maroon-colored binder 
made of flexible, Morocco-grained 
leatherette stamped in gold. The 
standard 1%-in. rings will accom- 
modate about twenty S & E re- 
prints. $2.50 


© Heat Flow Theory, April 1959, 20 pages. 
A concise review of the major analytical 
techniques developed over the years to solve 
heat flow problems. Basic equations for 
conduction, convection and radiation are 
derived. Dimensional analysis is used to ¢s- 
tablish the parameters and the various 
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1% Times 
Actual Size 


SPECIAL G-E GLOW LAMP 
(NE-68A) HOLDS VOLTAGE 
VARIATIONS TO LESS THAN 3V 


Ebb+ 


SCREEN VOLTAGE REGULATOR 


Here at last is a glow lamp with true voltage regulation specifications. 
Within a range of 52 to 65 volts, each individual General Electric NE-68A 
will not vary more than three volts even though current through the lamp 
fluctuates between .1 and .3 milliamps. Minimum maintaining voltage of all 
NE-68A's at .1 milliamps is 52 volts; maximum voltage at .3 milliamps is 
65 volts. 

The G-E NE-68A is a pre-aged glow lamp with plated leads to make 
soldering easier. It contains a mild radioactive additive for reduced dark 
effect. Special treatment with the G-E Dri-film process insures high leakage 
resistance under humid conditions. 


DIRECT CURRENT CHARACTERISTICS 
Breakdown Voltage (in light) 60-90 volts d-c 
Breakdown Voltage (in dark) . 110 volts d-c maximum 
Maintaining Volts (.1 to .3 m.a. range) . 52-65 volts d-c 
Extinguishing Volts (in series with .25 megohm or more) . >50 volts d-c 
Design Current ; . 0.1 to 0.3 m.a. 
Leakage Resistance at 75% RH and 80°F . . 100 megohms or more 
Life (at .3 m.a. d-c for an average change of 5 volts in 
maintaining voltage) . 2000 hours 


There is a General Electric Glow Lamp to fit your circuit requirements. 
For the latest information on Glow Lamps as Circuit Control Components 
and Indicators, write for 4-page Bulletin #3-0193. General Electric Co., 
Miniature Lamp Dept. M-034, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 
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“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection expres- 
sions. Empirical equations are solved using 
simulated experimental data. Examples are 
chosen from electrical and electronic (tran- 
sistor) applications. Written by Allan D. 
Kraus, an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


| © Fundamentals of Ferromagnetism, March 


1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Explains magnetic be- 
havior and properties of magnetic materials 
in terms of fundamental electron interac- 
tions. Includes: Origins of Ferromagnetism, 
Internal Structure of Ferromagnetic Mate- 
rials; Magnetization Curves; Time Effects in 
Soft Magnetic Materials; Effects of Atomic 
Ordering in Alloys; Interactions for Heter- 
ogeneous Systems; Magnetic Materials of the 
Present and Future. Written by Anthony 
Arrott and J.E. Goldman of The Scientific 
Laboratory, Ford Motor Co $1.00 


©) Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. In system and subsys- 
tem design, Fourier analysis permits the de- 
sign engineer to design or select devices for 
a particular transient performance solely on 
the basis of their steady-state sinusoidal per- 
formance. A_ thorough theoretical back- 
ground on Fourier analysis is presented plus 
a discussion of the areas of application with 
specific examples to point up particular 
problems often encountered. Written by Ira 
Ritow, Airborne Instruments Laboratory 
$1.00 


COMPENDIUMS 


(©) Automatic Control System Design, 64 
pages plus cover. A practical textbook, com- 
plete as to theoretical detail, on the design 
of servomechanisms. In the process of de- 
scribing design by transfer function, system 
equation, and root-locus methods, techniques 
of analysis such as Bode diagrams, Routh’'s 
criterion, and Nyquist plots are also present- 
ed. Includes background material on com- 
plex variables and Laplace transforms, bibli- 
ography for further study. Originally pub- 
lished in ELecTRICAL MANUPACTURING as a 
series of six articles. Includes: Control Sys- 
tem Representations, December 1959 issue, 
a two-page chart showing seven basic con- 
trol-system element classifications and their 
various common representations, including 
transfer functions, equivalent analog com- 
puter circuits, Bode diagrams, Nyquist dia- 
grams, and time constants. Written by Ira 
Ritow, Airborne Instruments Laboratory 


$3.00 


© Engineering Applications of Boo- 
lean Algebra, 68 pages. A design 
guide to the analysis and synthesis of 
switching circuits and logic systems 
—both combinational and sequential 
—in any medium: mechanical, elec- 
trical, hydraulic, electronic or solid 
state. Includes five previously pub- 
lished articles plus a never-before-pub- 
lished appendix. Written by Boris 
Beizer, Airborne Instruments Labora- 
tory, and Stephen W. Leibholz, Re- 
public Aviation Corporation. $2.00 


© Slide Rule Mathematics, 20 pages, plus 4 


practice slide rules printed separately. A 
practical guide to the understanding of the 
slide rule and its application to engineering 
problems, this combined reprint traces the 
logical development of the slide rule’s fun- 

(Continued on page 215) 
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COIL TIME VALUES 
} , . i . 
SERIES RESISTANCE 
VOLTAGE POWER In OPERATE RELEASE 
onms 
SERIES NOMOGRAM 
es es DC: to 220V | DC: 25MW/movable DC: 100,000 max. OC: 5 to 120 MS DC: 5 to 600 MS 
This nomogram can be employed to determine relay require. arm mun. 8 watts 
Oath, Gn uuns te ie anette nse. A eeat chaky exten BS ae: te ay max. @ +25°C 
to problems obtained by this method, but ail : ! 
p Bee on poem 4 ob copemnilion s. 60 cycle AC: L7SVA (Breakdown 1,000 wolts) | AC: 10 to 25 MS AC: 10 to 20 MS 
LS DC: to 220V | 65M /movable arm OC: 55,000 max. DC: 5 to 70 MS DC: 5 to 140 MS 
| min. 
) 5 watts max. 
| @+25°C. (Breakdown 1,000 votts) 
' 
OC: te 220V oF eouae OC: 100,000 max. DC: 10 to 100 MS | DC: 10 to 400m 
arm avail. 20 MW 
ur Sete 
( wolts) 
| DC: to 200V | DC: 100MW/movabie | OC: 22,000 max | DC: $ to 40 MS OC: 5 to 50 MS 
arm min. 3 watts 
TS max. @ +25°C 
AC: to 230V | AC: 45VA AC. 10 to 25 MS AC: 10 to 20 m: 
60 cycle Breakdown | 000 volts 
OC: to 220V | OC ym DC: 50,000 maz. OC: 5 to SO mS OC: 5 to 100 mS 
arm min. 6 watts 
6S max. @ +25°C 
AC: % 290V | AC: 127VA AC: 0 to 25 MS AC; 10 to 20 ui 


NOTES 


Standarc BS relays pick up pusher 
Standard BS relays normally 
Standardcontact pressure for 
minemum 
N Ampere-turns used as a design r 
used as an actua perating valve 
N Ampere turns applied to the retay 
Relay < resistance 


ry 
urns on relay co 





Exampte: To select Coll, Determine Operate Time, end Coil 1. First convert contact pressure to pusher pressure using Figure 2. Assume 
Temperature Rise. a contact pressurs of 25 grams tota! per normally closed contact form. | form 


Solution: C @ 25 grams per contact form is 40 grams per contact form at the pusher 
Problem: 26VDC nominal 5 x 40 = 200 grams toiz! pusher load 
32V0C max. Power source 2. Next, to determine amp-turns required, use Figure 4. Stendard load 
18BVDC min. transfer (from contacts to armature) point for BS series relay is 012, hence, Resu' 
the Ni would be 180. ation 
5 form C contact errangement. 3. Knowing the value of Ni, the following calculations apply. Use « safety 4. At 


tector of 1.2 at the minimum opersting voltage wom 


BO NOS x 14 = 1.2x180 2216 


Where R is resistance of coil, N is turns of coil. 
Substituting veives from coll data of Figure 5, possible solutions would be: 
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} +~— a DIMENSIONS 
ANICAL (appret. in inches) 
| MOUNTING (standard) 
-EASE MOF SPRINGS CONTACT (rena antes) aaa (9p oD mate) 
MATERIAL _ Length « Width « Haght 
600 MS DC: 28 (14/stack) | Ae” dia. twin | 4amps@1i5v} 100 Two 8-32NC-2b Min. 
palladium, 60 cycle res- million holes on 3% « he «41% 
standard istive min. %” centers 
34 « Max 
> 20 MS AC: 24 (12/stack) OC: 4 amps hae «2% 
1590 watts 
140 MS | DC: 24 (12/steck) | Ye" dia. twin | 4 amps @1ISV| 100 Two 6-32 tapped Min. 
paitadium 6 cycle res- muition holes on 4" centers 1% «1% 
istive min 
Max. 
OC: 4 amps 1% 
~— x| x! x) x] x] x 
0 400 MS DC: 24 (12/stack) “a” din. palle- | 3 amps @ 115V SD Two 8-32 Min. 
dium Senteres | milion | holeson mo Oe, "a X| X| XK) K| x 
istive load min. stats x Ix x| ¥ 
; x| x 
FS; 3 amee % 
watts x}x/ x] x] x! x] x 
oe | move | yl eee | Sel Gee Me x! | | |X] | Prete cre tt 
istiv min %"X %" 0.C j onttet citintdn 
_— | epee om 3 # : me | x/x x} x X| x) nevailebie 
e an | mr i 
= aa | xixix| | [x] | Seas somes 
100 MS | OC: 20 (10/stack) | 4s" din. pale | Samps @ 11SV | $0 Two 8-32 tapped Min. KX} x) xX) x1 x] X] x] Special gold stloy 
| dium holeson 4" conters | 2'Ae x IMe x 1% | | | | | contests ovell. 










|X|} | |X! X] Other mountings avail 


jo 20 MS | AC: 18 (G/steck) ee | | 
= x] x1.x|¢}x | x] x] taesete nee 
| | |x| | Sested-—ovalahte site 

i | | | separately sealed coils 

| y| Seated ail. 

PELL] x) x) dx) Spee rete 


| Note: Standard stack insulation for all telephone 
"| relays consists of laminated phenolic spacers for 
temperatures up to +85°C. Special insulation for 
+125°C operation is available. 


Note: Standard coil insulation for temperatures 


up to +85°C. Special insulation material available 
for operation to +125°C. 
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COIL DATA 


Turns and Resistance 
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Wire _ BS ts Ts 


+ - > — + 


Size N R N R N R 






















1,75 20) 1,260 14.3 
3/ 6,40 127) 2,220 31| 1,600 23 4375 X 23795 Kk % 
31 7800 200 2.800 50} 2.000 37 2a kX Me KX 
32 «10,000' +310) 3,500 80| 2,550 60 X 1% X We 


33 12,600 480 4,400 125| 3,300 94 
4 15,000 750; 5,500 200; 4,100 150 
35 18.700 1,200) 7,000 320; 5,000 240 
%6 23,500 1,820| 8,800 520) 6,500 400 
37 79,000 2,900 |11,000 820; 8,100 610 
38 36.000 4,400 /14,000; 1,350/10,200) 1,000 
39 44,000 7,000 17,500) 2,150/13,000) 1,600 
4 55,000 11,000 |22,.200) 3,400/}16,300| 2,600 
4) 68,000 17,000 '28,000) 5,400'20,500) 4,100 
42 85,000 |26,500 135,000; 8,600 |26.000/ 6,600 
43 100,500 |41,000 |44 000 | 13,700 | 35,000 |10,300 
130,000 |65,000 |56,000 | 21,800 | 42,000 '17,000 


Fig. 5 













Ae XK Ve KX OM 
4 xX 2 x ™% 
Y% X VY X Me 


Fig. 6 


















is Step 1: Draw a line from SCALE R to SCALE N, marking the intersection 
750 % 15,000 = 360 amp-turns (Coll 1) on SCALE A 
1300 X 18,700 = 280 amp-turns (Coll 2) Step 2: Draw a line from this point on SCALE A to SCALE Q. The intersection 
18 on SCALE T gives the operate time. 
1826 * 23.500 = 232 amp-turns (Coll 3) Using Coit 2, the operate time for this configuration at nominal voltage would 
Reouite indicate noe mene to be Coil 2. Coil 3 might result in marginal oper be approximately 28 milliseconds. 
ation at minimum voltage 
4. After coil is selected, Q can be calculated and the operate time determined S. Coil temperature rise for Coil 2 in this example is determined trom 
from the nomogram, Figure | Figure 3 
NI 
i eak €? (26)" 
r= Wwe 1306 ™ *56 watts 
180 180 
Q @ 26V = ~a¢ = 403 = 44 
1206 % 18.700 Hence, coll temperature rise is °C. at 25°C. 
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Eari K. Moore Company 
5864 Louisville Street 

Phone: Audubon 24 


MASSACHUSETTS, 
Cambridge 42 

Glenn M. Hathaway 
Electronics, tn 

238 Main Street 

Phone: Kirkland 7.038 


MICHIGAN, Detroit 27 
Bury! ir 


154<¢ schaeter H g' way 
Phone: Vermont 8 34€ 


MICHIGAN, Grand Rapids 7 
Howard R. Davidson Company 
12 Burton Street, SE 


Phone: Ch 5-111€ 


MINNESOTA, Minneapolis 17 
A. J. Warner Company 

5022 29th Avenue Soutt 
Phone: Parkway 9.7371 


MISSOURI, Kansas City 11 
E. B. Schwerin Company 
4210 Main Street 

Phone: Westport 1.7564 


MISSOURI, St. Louis 35 
Joseph Giordano 
817 Geraid Avenue 
Phone: Jackson 1.87 


NEW MEXICO, Albuquerque 
Carl Cariberg 

Bowen & Cariberg 

2228-A San Mateo Bivd.. NE 
P. O. Box 3177, Station D 
Phone: Alpine 5.4603 


»« 


NORTH CAROLINA, Charlotte 
jirm Elam 

Cartwright & Bean 

625 Harwyn Drive 

Phone: Franklin 6 8648 


NEW JERSEY, Camden 3 

Jack W. McCoy 

300 Broadway 

Phone: Woodlawn 6.180 
Wainut 2.7333 


NEW YORK, Aibany 4 
Carse Electric Corporat 

P.O. Box 4127 Patroon Stat 
Phone: Hobart 2.5364 


NEW YORK, Buffalo 17 

The Robert F. Lamb Company 
3407 Delaware Avenue 
Phone: Bedford 3757 


NEW YORK, De Witt 

G Martin Sales Corporat 

103 Pickwick Road 

Phone: Syracuse, New York 
Gibson 6-254 


NEW YORK, Mamaronec 

S. Wimpie Associates ne 
P.O. Box 127 

510 West Boston Post Road 


Phone: Owens 8-71 


NEW YORK, New York 16 

American Machine & 
Foundry Co 

International Groug 

261 Madison Avenue 

Phone: Murray H 


OHIO, Cincinnati 

R. O. Whitesell & Associates 
2209 Losantiville ( NM) 
Phone: Melrose 1.9210 


@) POTTER & BRUMFIELD 


PRINCETON, INDIANA + TWX 73 + Phone: FUlton 5.5251 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY - 


CANADA Manufacturing Facility - Potter & Brumfield Canada 
Ltd. 135 Oxford Street, Gueiph, Ontario - Phone: TAylor 2-0390 


13C148-860 


EXPORT SALES American Machine & Foundry Co 
Group, 261 Madison Avenue 


MUrray Hill 7-3100 


New York 16, New York 


OHIO, Cleveland 15 
Scott & Steffen, tn« 
1836 Euclid Avenue 
Phone: Tower 1-2626 


OHIO, Dayton 

Robert Thinnes 

R. O. Whitesell & Associates 
2600 Far Hills Avenue 
Phone: AX 8.4261 


OKLAHOMA, Oklahoma City 
John W. Elder Company 
1809 West Main Street 
Phone: Central 2.5365 


OKLAHOMA, Tulsa 8 
John W. Elder Company 
P.O. Box 3395 

Phone: Diamond 3.9149 


PENNSYLVANIA, Allentown 
Joseph Schmidt 

He Kj Whitaker 

1303 N. Troxell St 


PENNSYLVANIA, Bethiehem 
Beil & Whitaker, In 

4 Hickory St 
Phone: University 6 4424 


PENNSYLVANIA, Pittsburgh 22 
Scott & Steffen, in 

? Liberty St. (Empire B ig.) 
Phone: Grant 1.5233 


PENNSYLVANIA, Reading 
Beil & Whitaker, Inc 

3623 Jacksonwald Avenue 
Phone. Frankiin 5 6837 


TENNESSEE, Memphis 
James B. Cartwright 
Cartwright & Bean 

560 South Cooper Street 


Phone. Broadway 


TEXAS, Dallas 25 
john B. Guenther 
4533 N. Central Expressway 
Phone LA 8. 628¢ 


UTAH, Salt Lake City 11 
R. G. Bowen Company 
463 East 3rd Sout 
Phone: Empire 3.4528 


VIRGINIA, Alexandria 
{ Fagge 

Potomac Electr . 
1025 N. Royal Street 
Phone: Temple 6 866¢€ 


t 


VIRGINIA, Alexandria 


Potter & Brumfield 


Federal Agence 


DO. J. Fagge 
1025 N R yya!l Street 


Phone Ter ple 6 8666 


WASHINGTON, Seattle 2 
af 


Fred H. Haight Cormgs ry 
1212 Eastiake Avenue 


Phone: East 1818 


WISCONSIN, Milwaukee 9 
—E. A. Dickinson & Associates 
4117 N. Green Bay Avenue 
Phone: Concord 4. 108 


CANADA, Guelph, Ontario 

Potter & Brumfield Canada 
ted 

135 Oxtord Street 


Phone: Taylor 2 19 


CANADA, 
North Vancouver, B.C 

Charities L. Tr moson t 

3115 Lonsdale Aven ie 


Phone. Yukor ) GARR 


CANADA, Pointe Claire, Que 
Aeromotive Engineering 
Products, Ltd 
147 Hymus Bivd 
Phone: Montreal—ME 1.4396 
Ox 7-081 


CANADA, Toronto 9, Ontario 
A. T.R. Armstrong Limited 
P.O. Box 38, Station D 
hone Roger 2.7535 


CANADA, Winnipeg 3, 
Manitoba 
Charlies | Thompson | 


144 Erin Street 


Phone: Sunset 3.0848 


International 
+ Phone 





damentals and complete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry: The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions; 
Phasor Calculations; The Circular Slide 
Rule, Written by Ira Ritow. $1.00 


© Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A short- 
cut to research for design engineers. Book 
lists, by functional subject classification and 
with succinct annotations, every feature 
article and major “Design Trends” short 
article published in EvecrricaL MANUPAC- 
TURING during the 5-year period from 1951- 
1955, $1.50 


© Casting Resins and Application Tech- 
niques, 52 pages. Eight previously published 
articles dealing with the embedment, en- 
capsulation, and impregnation of circuit 
units and components. Individual articles 
cover: properiy data on casting resins; eval- 
uation tests on resin systems; results of en- 
vironmental tests on embedded units; process 
control problems. Annotated bibliography of 
articles is included $2.00 


PLUS or MINUS 


(Continued from page 206) 


time when, more than ever, we need 
clear vision and the means to com- 
municate with one another. For in a 
world in which philosophers cannot 
communicate with mathematicians, it 
is not merely inevitable that the phi- 
losophers and mathematicians are im- 
poverished and emasculated thereby, 
but that society, as a whole, is tragic- 
ally damaged and is in mortal danger. 

Nevertheless, as society widens and 
deepens, it is deemed inevitable for 
specialties to narrow and for specialists 
to burrow deeper and deeper into the 
holes of their specialties, piling the 
dirt of ignorance (which they clear 
from their path) as a barrier around 
their holes. And by now the physicist 
can no longer communicate with the 
chemist, and the engineer who designs 
milling machines no longer under- 
stands one who designs airplanes. It is 
a lonely world, this world of expertise; 
it is a dry and sterile world. 

Yet, the most profound contributions 
of human knowledge, the most practi- 
cal inventions, are neither basically 
new ideas, nor are they imitations of 
last year’s models. They are new com- 
binations of old knowledge, such as 
the imaginative application of algebraic 
logic to the synthesis of switching cir- 
cuits, 

As the school bells ring in a new 
semester, let us forget about subjects 
and concentrate on learning about the 
different aspects of knowledge created 
by one magnificent whole: the human 
mind. —A. M. H. 


€Circle 211 on Inquiry Cord 
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Hipernik®V magnetic alloy e square loop ¢ Low 
coercive force @ High rectangular ratio @ Grain-oriented in the 
rolling direction @ Composition—about equal portions of nickel 
and iron @ Available in thin strip 

Hipernik V was developed for saturable reactor and magnetic 
amplifier circuits, but there are other important applications. 
We're ready to explore them with you. Write or wire: Westing- 


house Electric Corporation, Metals Plant, Blairsville, Pa. 
J-05016 


You can be sure...if it’s 


Westinghouse (w) 


Circle 212 on Inquiry Card 





LITERATURE for the Design Engineer 


All-new listings of manufacturer's literature just off the press . . 


. including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


MILITARY COMPONENTS CATALOG 


Catalog 50A, 36 pages, is concerned 
with fixed and adjustable power re- 
sistors, precision resistors, rheostats, 
tantalum capacitors and relays. Catalog 
covers latest versions of MIL-R-26, MIL- 
R-22, MIL-R-19365, MIL-R-93, MIL-R- 
9444, MIL-R-10509, MIL-R-19074, MIL- 
R-6749, MIL-R-6274, MIL-R-3965, MIL- 
R-5757 and MIL-R-6106. It aids order- 
ing of military components. Ohmite 
Manufacturing Co., 3679 Howard St., 
Skokie, TI. 

Circle 756 on postcard at end of book 


VARIABLE CAPACITORS AND TUNERS 


Two-page data bulletin offers informa- 
tion on variable trimmer piston capaci- 
tors and L-C tuners. Capacitance range, 
d-c working volts, electric strength, 
insulation resistance, Q factor, tempera- 
ture coefficient, dielectric material and 
length are given. JFD Electronics Corp., 
6101 16th Ave., Brooklyn 4, N. Y. 
Circle 757 on postcard at end of book 


CERAMIC CAPACITORS 


“Ceramin” miniature axial-lead capaci- 
tors are introduced on two-page specifi- 
cation sheet. Length, less leads, is 14 
in. Barium-titanate capacitor voltage 
rating, 200 volts d-c working; capaci- 
tance, 47 to 1200 pf +5 per cent to 
125 deg C. Electramics Corp., Cliff at 
Cedros, Solana Beach, Calif. 

Circle 758 on postcard at end of book 


DIGITAL COMPUTER TERMINOLOGY 


“Do You Talk Computerese?” contains 
definitions of terms commonly used in 
computer technology. Twenty-three-page 
pocket manual defines terms such as 
“anp gate,” “binary scale,” “random 
access,” and “sub-routine.” Minneapolis- 
Honeywell Regulator Co., Industrial 
Div., Philadelphia 44. 

Circle 759 on postcard af end of book 


AUTOMATION COMPONENTS AND 
CONTROL SYSTEMS 


Condensed Catalog D-31, 30-page pub- 
lication, covers timing components and 
linear measuring systems. Standard 
timers and counters are reviewed. Sec- 
tions are devoted to electronic timers, 
special timers and their applications, 


216 


package control systems, military com- 
ponents and systems, test equipment, 
switches, controllers, contactors and 
valves, differential transformers, motion 
transmitters, edge guide, pressure trans- 
mitters, demodulators and _ indicators 
and recorders. Automatic Timing & 
Controls, Inc., King of Prussia, Pa. 
Circle 760 on postcard at end of book 


DIGITAL TAPE SYSTEM 
Data Sheet M3000 gives general per- 
formance specifications on a system for 
handling and storage of data on mag- 
netic tape. Linear-action electro-pneu- 
matic reeling and tape handler is de- 
scribed. Midwestern Instruments, Box 
7186, Tulsa 18, Okla. 

Circle 761 on postcard at end of book 


MULTI-POINT RECORDER 


Bulletin F9789 presents combination 
pressure and temperature recorders for 
plastic extruders. Electronic potentiom 
eter recorder is self-contained and 
uses constant voltage source for stand- 
ardization. Unit will record one or more 
points of pressure and up to 23 points 
of temperature. For a variety of pres- 
sure and temperature ranges. Wheelco 
Instruments Div., Barber-Colman Co., 
Rockford, Il. 

Circle 762 on postcard af end of book 


SHAFT-POSITION INDICATOR 


Servo repeater, described in Product 
Specification A-6, is suitable for use 
with an appropriate synchro-transmit- 
ting unit and indicates in digital form 
the angular position of a remote shaft. 
Output is 00000 to 35999 in digital 
code. Servo repeater contains resolver, 
servo motor, servo amplifier, trans- 
former, shaft-position encoder and gear 
trains. Max input shaft speed is 250 
rpm. Datex Corp., 1307 So. Myrtle Ave., 
Monrovia, Calif. 

Circle 763 on postcard at end of book 


SYSTEM ERROR BRIDGE 


Technical Bulletin 16, on a bridge for 
remotely measuring angular position of 
a synchro or resolver in a system, con- 
tains four pages. Test instrument will 
also simulate a perfect synchro or re- 
solver input to a system. Theta Instru- 


ment Corp., 520 Victor St. Saddle 
Brook, N. ie 
Circle 764 on postcard at end of book 


SYNCHRO DIALS AND WEIGHTS 


Two-page data sheet describes synchro 
dials and weights for friction torque 
tests, synchronizing tests and spinning 
tests per MIL-S-20708. For Size 11 to 
37 synchros. Angler Industries, 3 Lex 
ington Dr., Metuchen, N. J. 

Circle 765 on postcard at end of book 


TUNED A-F AMPLIFIER 
Data Sheet 301, one page, reviews fea 
tures, characteristics, specifications and 
applications of a sub-audio tuned ampli 
fier with response from (3 to 3000 cps 
Amplifier isolates harmonics and noise 
from fundamental of complex non-sinu 
soidal signal; for analysis of electro 
mechanical control and servo systems. 
Ad-Yu Electronics Lab., Inc., 249 Ter- 
hune Ave., Passaic, N. J. 

Circle 766 on postcard at end of book 


TEMPERATURE MEASUREMENT 


Catalog Sheet T-60 features and briefly 
describes products such as surface- 
mounted resistance-grid thermometers, 
mounted probes, miniature probes, a 
comparison bridge, conversion bridge, 
radiometers and a reference junction. 
Arthur C. Ruge Associates, Inc., Hud 
son, N. H. 

Circle 767 on postcard at end of book 


MAGNETIC NON-DESTRUCTIVE 
TESTING KITS 


Portable test kits for detecting cracks 
open to the surface, in iron and steel 
parts are described in four-page bro- 
chure. Magnaflux Corp., 7301 W. 
Ainslie Ave., Chicago 31. 

Circle 768 on postcard at end of book 


OPTICAL PYROMETERS 

Six-page Data Sheet ND42-351, describ- 
ing pyrometers for temperature meas- 
urements to 7600 F or 4200 C, is avail- 
able. Folder describes and illustrates 
construction and operation of poten- 
tiometer-type device. It lists standard 
pyrometers and ranges, together with 
accessory equipment such as lens for 
sighting on glowing objects as small as 
0.003 in., emissivity screens, etc. Leeds 


ELECTRICAL MANUFACTURING 
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MYSTIK BRAND 


a plastic electrical tape of SUPERIOR QUALITY! 


Mystik Branp Plastic Electrical Tape is made by the 
same company that introduced silicone adhesives—the 
company that created the hi-low temperature tapes used 
in the U.S. satellite and missile program. Here’s a tape 
you know you can count on! 

Mystik No. 6407 offers some important advantages you 


ought to hear about. ts easy to use 


sticks quickly and 


conforms readily to irregular surfaces. Saves you taping 


MYSTIK ADHESIVE PRODUCTS, INC. 


2635 N. 


KILOARE AVE. 


time. No. 6407 offers high dielectric strength and laughs 
off oil, acids, alkalies, weather and wear. Seals tight as a 


drum—assures trouble-free performance on every job. 


* > * 


Call your electrical wholesaler today. Insist on Mystik 
Brand 6407 Plastic Electrical Tape—now packed in a 


handy, protective can. You'll always be glad you did! 


MYSTIK 


* CHICAGO 39 
SELF-STIK 


Circle 213 on Inquiry Cerd 





& Northrup Co., 4934 Stenton Ave., 
Philadelphia 44. 
Circle 769 on postcard at end of book 


IONIZATION GAGE-CONTROLLER 


Bulletin CI-0360 describes a unit which 
is completely automatic and which will 
operate with a strip-chart recorder to 
produce a single logarithmic chart from 
10-° to 10°° mm Hg. Gage Model IGC- 
58 has set of contacts on automatic 
range switch for controlling external 
equipment such as vacuum pumps. F. J. 
Cooke, Inc., 145 Water St., South Nor- 
walk, Conn. 

Circle 770 on postcard at end of book 


PANEL METERS 


Bulletin 25-560, two pages, announces 
plastic-cased instruments available as 
microammeters, milliammeters, am- 
meters and voltmeters in a variety of 
ranges. Model 25 is a 21-in. diam unit 
with 2 per cent accuracy and self- 
shielding internal core magnet. Elec- 
tronics Div., DeJur-Amsco Corp., 45-01 
Northern Blvd., Long Island City, N. Y. 

Circle 771 on postcard at end of book 


ENVIRONMENTAL TESTING 


Data on environmental testing and 
other applications for controlled atmos- 
pheric conditions is the subject of 32- 
page Brochure 600. Featured is picto- 
rial color chart summarizing known data 


from sea level to two million feet, show- 
ing specific weight, pressure, accelera- 
tion of gravity and molecular weight at 
various altitudes. Brochure includes 
details on 13 environmental chambers 
and low-temperature freezers, providing 
temperature range from —225 F to 
-+-1000 F. Webber Manufacturing Co., 
Inc., Box 217, Indianapolis 6, Ind. 

Circle 772 on postcard at end of book 


PRECISION FORCE GAGES 


Mechanical force gages are described 
in Bulletin 750/FG, four pages. Bro- 
chure gives specifications for 21 direct- 
reading gages, which can be used for 
measuring both tension and compres- 
sion loads in ranges of from 0-500 gm 
up to 0-500 lb. Apparatus Div., Hunter 
Spring Co., 1 Spring Ave., Lansdale, 
Pa. 

Circle 773 on postcard at end of book 


MOISTURE AND ITS MEASUREMENT 


Four-page brochure discusses the de- 
finition of moisture, moisture vs humid- 
ity, and methods of determination (di- 
rect and indirect). Henry Francis Parks 
Laboratory, 7544 23rd Ave. N. E., Seat- 
tle 15, Wash. 

Circle 774 on postcard at end of book 


A-C VTVM 


Two-page bulletin supplies facts about 
Model 715 vacuum-tube voltmeter. Pub- 


(44) HART 


lication explains that meter, with 1-meg- 
ohm input impedance at 1 kc, measures 
a-c sine-wave voltages from 0.2 milli- 
volt through 300 volts rms with fre- 
quency response 10 cps through 400 ke. 
Simpson Electric Co., 5200 W. Kinzie 
St., Chicago 44. 

Circle 775 on postcard at end of book 


pH METER 


Two-page bulletin lists features and 
characteristics of a line-operated port- 
able pH meter with two ranges: 0 to 8 
and 6 to 14. Accuracy is +0.05 pH, 
reproducible to -+0.02 pH. Bulletin 
explains that standardization once a 
week is adequate. Sel-Rex Instruments, 
Inc., Nutley 10, N. J. 

Circle 776 on postcard at end of boon 


VIBRATION METER 


Four-page folder describes a vibration 
indicator which measures amplitude, 
peak-to-peak, in mils. Portable, solid- 
state instrument has four ranges with 
full-scale values of 2.5, 5, 25 and 50 
mils. Meter includes magnetic velocity- 
type pickup. Vibration Engineering & 
Balancing Service, 411—15th St., Vir- 
ginia Beach, Va. 


Circle 777 on postcard at end of book 


DIODE FUNCTION GENERATOR 


Two-page bulletin features Model 100 
twenty-segment function generator in 
which zero offset, slope and scale factor 


* @ more complete line of 
OIL TIGHT PUSH BUTTONS 
and Pilot Devices 


New Units added to the A-H line 


Push to Test Pilot Light 
Lighted Push Button 

Cylinder Lock Push Buttons 
Cylinder Lock Selector Switches 


Plus an A-H Exclusive => 
Rugged Construction 
Dependable Operation 
Heavy Duty Push Button Ratings 





are set by a punched card. Used for 
analog non-linear function generation. 
General Computers, Inc., 9000 W. Pico 
Blvd., Los Angeles 35. 

Circle 778 on postcard at end of book 


CRYSTAL-CON TROLLED 
OSCILLATORS 
Packaged described on 
single-page bulletin, are available for 
frequencies from 60 cps to 10 me with 
vacuum-tube or transistor circuitry. Can 
be furnished in plug-in, stud or custom 
mounting. Valpey Crystal Corp., 1244 
Highland St., Holliston, Mass. 

Circle 779 on postcard at end of book 


oscillators, 


POWER SUPPLIES 


Bulletin GEA-6690A, 12 pages, lists 
features, operation and applications for 
custom-built d-c power supplies for com- 
puters, aircraft, missiles, military and 
special applications. Publication in- 
cludes photographs, load-current graphs. 
General Electric Co., Schenectady 5, 
N. 2, 

Circle 780 on postcard at end of book 


SEMICONDUCTOR HEAT SINKS 


Single-page data sheet gives features of 
natural-convection heat dissipators for 
transistors, rectifiers and diodes. Cool- 
ing fins have surfaces to 
maximize heat dissipation. Vemaline 


Products Co., Franklin Lakes, N. J. 


serrated 


Circle 781 on postcard at end of book 


POWER TRANSISTORS 


Bulletin 11-120, with technical data for 
the types 2N1047, 2N1048, 2N1049 and 
2N1050_ silicon intermediate power 
transistors, includes specifications and 
illustrations. For power-switching and 
amplifier applications. Silicon Tran- 
sister Corp., Carle Place, L. I., N. Y. 


Circle 782 on postcard at end of book 


SILICON POWER RECTIFIERS 


Bulletins 3316-4 and -5, each four 
pages, feature rectifiers rated 18 and 
35 amp, and designated Types EA and 
DA. Available with piv ratings from 50 
to 600 volts. Numerous rating and 
characteristic curves are presented for 
transistors with junction temperature 
ratings to 190 C. Vickers Inc., Electric 
Products Div., 1815 Locust St., St. 
Louis 3, Mo. 

Circle 783 on postcard at end of book 


STATIC CONVERTER 


Model 3078 inverter is introduced in 
two-page data sheet which describes 
operation and presents specifications of 
the static supply used in applications 
requiring conversion of 60-cps, 115-volt 
power to 28-volt d-c power. Varo Mfg. 
Co., Inc., 2201 Walnut St., Garland, 
Texas. 


Circle 784 on postcard at end of book 


SWITCHING TRANSISTORS 
Bulletin DL-S-60357 contains eight 


pages of specifications and character- 
istic curves of the 2N706A and 2N753 
double-diffused mesa silicon transistors 
with turn-on and turn-off switching 
times of 40 and 75 nanosec max, re- 
spectively. Semiconductor Components 
Div., Texas Instruments, Inc., Box 312, 


Dallas, Texas. 
Circle 785 on postcard at end of book 


DIFFUSED SILICON DIODES 


Eight-page Catalog SL-201/1  intro- 
duces Planar diodes. Listings include 
115 standard 1N Series and 103 Series 
FD fast-switching diodes with essential 
data: complete specifications and per- 
formance graphs. Fairchild Semicon- 
ductor Corp., 4300 Redwood Hwy., San 
Rafael, Calif. 

Circle 786 on postcard at end of book 


MAGNESIUM ALLOYS 


Brochure Form 141-181-60, 20 pages, 
provides brief details on advantages, 
plus illustrations of some applications 
for which magnesium alloys were 
selected. Dow Metal Products Co., 
Midland, Mich. 

Circle 787 on postcard at end of book 


HIGH-CURRENT THYRATRON 


Technical Data Sheet on NL-770L re- 
views specifications of a 10-amp, 1500- 
peak inverse and forward voltage 
thyratron for motor control applications 
which is also suitable for regulated 


MOTOR CONTROLS 


© Saves Mounting Space 
© Saves Installation Time 


© Same Mounting as Other 
Oil Tight Units 


TURN-TO-TEST 
LIGHTED PUSH BUTTON 


Advantages of Push-to-Test Pilot Light 


and Lighted Push Button 


in One Unit! 


e More Economical Than 2 Units 
e Control Circuit Not Energized When 


Lamp is Tested 


FOR COMPLETE INFORMATION ... write today for your free copy of the 
Arrow-Hart circular data on these A-H Oil Tight Units and Stations and also on 
our Standard Duty and Heavy Duty Push Button Lines. The Arrow-Hart & Hege- 
man Electric Company, Dept. EM, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW © HART 
huahey wince 1890 


MOTOR CONTROLS 
Circle 214 on Inquiry Card 


ENCLOSED SWITCHES 


APPLIANCE SWITCHES WIRING DEVICES 





SPEEDS OF LESS 
THAN 50 R.P.M. 
CAN NOW BE 
ACCURATELY 
baa ens ome ins 
SY 
DIFFERENTIAL 
DEVICE 
DEVELOPED BY 


TORQ 


(Potents 
& 
patents 
pend. 
ing) 


detects 1 to 4 different 
speeds (high and low limits, or 
single limit on each circuit }. De- 
signed for low speed applications 
of less than 100 rpm. Inquire 
about SYNPROTEX DIFFER- 
ENTIAL unit for low speeds 
or standard SYNPROTEX speed 
detectors for speeds from 100 
to more than 15,000 rpm 


TORQ 


ENGINEERED PRODUCTS, INC. 
34 W. Monroe Street © Bedford, Ohic 
Phone: BE 2-4100 


220 Circle 215 on Inquiry Cord 


rectifiers ['wo-page sheet contains 
characteristic curves. National Ele« 


tronics, Inc., Geneva, III 
Circle 788 on postcard at end of book 


CONTROLLER FOR SCR 
Application Notes Vol. I, No. 1 con 


tains data on the “Silicotrig” controller, 
for silicon controlled rectifiers, as ap 
plied to a high-current 12-volt regulated 
power supply. Schematic gives all com 
ponent values. Controller used in power 
supply provides variable-phase gating 
signal needed for SCR. Bergen La 
boratories, Inc., 60 Spruce St., Pater 
son 1, N. J 

Circle 789 on postcard at end of book 


METALLURGICAL SERVICES 


Brochure outlines facilities which in 
clude metallographic examination 
chemical analysis by wet and spectro 
graphic methods, physical testing, an 
alvtical metrology and consultation 
Charles C. Kawin Co., 431 So. Dear 
born St.. Chicago 5 


Circle 790 on postcard af end of book 


PRECISION CASTING TECHNIQUE 


Brochure of 56 pages describes tech 
nique for ceramic casting in the foundry 
and toolmaking industries. Process is 
a method for producing large metallic 
products with high strength and close 
dimensional tolerances. Industrial ap 
plications are illustrated. Shaw Process 
Development Corp., 82 Shore Rd., Port 
Washington, L. L. N. Y 

Circle 791 on postcard at end of book 


BRAZING TECHNIQUES 


Pocket-size manual, 24 pages. describes 
brazing techniques on commercial 
brazeable metals and allovs. Manual 
details basic brazing functions such as 
heat. ame and torch settings. alloy 
selection and joint design All-State 
Welding Allovs Co.. Inc.. 249-55 Ferri 
Ave White Plains. N. Y 

Circle 792 on postcard at end of book 


ALUMINUM FORMS GUIDE 


Contained in 20-page Bulletin 30-1 are 
brief facts on aluminum coil, sheet 
plate, tubing. pipe. rod and bar avail 
able from stock. Federal specifications 
analyses, mechanical properties, toler 
ances, machinability ratings. finishes 
and corrosion resistance of aluminum 
alloys presented. Joseph T. Ryerson & 
Son. Inc.. Box 8000-A. Chicago 80 
Circle 793 on postcard at end of book 


BERYLLIUM TUBING 


Data Memorandum 26, four sheets 
gives information on available sizes and 
properties of pure beryllium tubing. 
Included are physical and mechanical 
properties and composition limits of 
the material from which tubing is 
made. Advantages listed are low den 
sity, high rigidity. compatibility with 


hot carbon dioxide and good oxidation 


REVCOR 


we can keep 
you informed 
of the latest 
developments 


"AIR 


IMPELLERS 


BLOWER WHEELS 


Single and double in- 
let. Diameters from 
3-27/32'' to 15°’ 
Widths 1” to 15”’ 
Housings and Inlet 
Rings also available 


FAN BLADES 


8 types for all 
applications. Di- 
ameters from 6” 
through 48” 


AVAILABLE 


Free Brochure describ 
ing the complete 


tease) 


- 


REVCOR wc. 


257 EOWARDS STREET 
CARPENTERSVILLE, ILL 
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You get three times as much aluminum per pound as 
you get in a pound of steel, brass, nickel or copper! 


* This means you can build for less . . . ship for less . . . 
C0a umInuvM make a greater profit by using Alcoa” Aluminum in 
see your products. 


Alcoa Aluminum offers you many other advantages, 
too: highest strength at lowest weight ... nonmagnetic 


a 
... nonsparking . . . easy to spin, form, bend, roll. It 
e Wa 0 (I| can be cast, forged, extruded or drawn . . . easily joined 
by practically any method. Corrosion resistant, it re- 


quires virtually no maintenance. 
Ask an Alcoa sales engineer to show you how Alcoa 


| Aluminum can put added values for you and your cus- 
a ess COS tomer into the products you make. . . or write Aluminum 
s Company of America, 2130-W Alcoa Building, Pitts- 


burgh 19, Pa. World-wide sales through Alcoa Inter- 
national, Inc., 230 Park Avenue, New York 17, N. Y. 


Redraw rod made of Alcoa Aluminum gives you three 

times as much metal per pound as copper . . . costs one-half Your Guide to the Best 
as much for equal current-carrying capacity. As other metals car estan in Aluminum Valve 
constantly grow more costly, aluminum is notable for its much 
lower rate of price increase. Whether you use aluminum as a 
structural metal or as an electrical conductor, Alcoa Aluminum 
can put many extra benefits in the products you make. alternate Mondays, NBC-TV 


ALCOA 6. For exciting drama watch “Alcoa 
ALUMINUM Presents’’ every Tuesday, 
Seemann eperiner en aaemen ABC-TV, and “‘Alcoa Theatre’’ 
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American 


Industry 
has chosen... 


We 


cable fi 


for Clamp 


only one size 


for Identiti 

= ie 
permanent, 
and att 


10d is,simpler, 
. Bonomical. 
ern met bd designed 
tim plete job. 


Wri or our Bulletin TR3 
and arn how this T&B 
engi@pered for “Lowest In- 
stall@i Cost” method can 
save you time and money 


LO COAST TO COAST 
EXCLUSIVELY BY 
YOUR T&B DISTRIBUTOR 


ENGINEERED 
THE THOMAS 4&4 SBETTS CO. 


IMC ORPORATED 
ELIZABETH. NEW JERSEY 
IN CANADA THOMAS @ BETTS.LTO. MONTREAL 
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resistance at temperatures to 1500 F. | 


Disadvantages listed include brittleness 

and toxicity. Superior Tube Co., 1519 

Germantown Ave., Norristown, Pa. 
Circle 794 on postcard at end of book 


METALLIC PARTS 


Bulletin lc/Mu contains 19 pages of 
information on brass, bronze, copper, 
aluminum, and plastic injection-molded 
parts. Four pages give chemical and 
physical properties; balance gives data 
on shaped forgings, castings, 
impact extrusions and powder metal 
parts. Mueller Brass Co., Port Huron 
8, Mich. 

Circle 795 on postcard at end of book 


rods, 


INFLATABLE METAL TUBING 


Eight-page booklet describes “Strub- 
ing,” a seamless light-wall tube pro- 
duced in most metals. It is processed 
in strip form, rolled up for shipment 
and expanded by air, water or oil pres- 
sure, or mechanical means. Tubing 
ranges from capillary size to 6 in. OD 
and wall thickness from 0.004 in. up. 
Wolverine Tube Div., Calumet & Hecla, 
Inc., 17200 Southfield Rd., Allen Park, 
Mich. 

Circle 796 on postcard at end of book 


MINIATURE NUTS 


Reference Guide 113 condenses into 36 
pages the manufacturer’s complete line 
of miniature locknuts and gang chan- 
nel. Sizes are 2-56 to %-20. Kaylock 
Div., Kaynar Mfg. Co., Inc., Box 2001 
Terminal Annex, Los Angeles 54. 
Circle 797 on postcard at end of book 


SCREW-THREAD GUIDE 


Basic guide to screw-thread technology, 
useful to equipment specifiers, engi- 
neers and machine designers, offers a 
basic introduction to the varied types 
of threads. It outlines history, defines 
terminology and explains differences 
between major kinds of screw threads. 
Several pages of charts detail measure- 
ments, characteristics and capabilities 
of standard thread types according to 
Unified and American Thread Series, 
ASA B-1.1-1960. Torque guide outlines 
normal load values that may be applied 
to bolts of various metals. H. M. 
Harper Co., 8200 Lehigh Ave., Morton 
Grove, IIL 

Circle 798 on postcard af end of book 


HOOK-UP WIRE 
Four-page bulletin lists characteristics 
of TFE-fluorocarbon-insulated hook-up 
wire of two types for 200-C operation: 
for continuous operation at 600 volts 
or at 1000 volts per MIL-W-16878. 
Philadelphia Insulated Wire Co., 
Moorestown, N. 36 

Circle 799 on postcard at end of book 


TEFLON-INSULATED CABLES 


Brochure DM-S-6001 gives specification 
details on TFE-fluorocarbon-insulated 


| 


SS 


rt 
SERIES 
aS 


For your automation 
... computing... control 
Circuit applications... 


“TELEPHONE QUALITY” 
at an ordinary price 


To meet your needs for preci 
sion and durability in automa 
tion, computing and control cir 
cuitry, here is telephone quality 
at an ordinary price. 

The “BB” Series Relay ac 
commodates up to 100 Form A 
spring combinations. It incor 
porates such important advan 
tages as twin contacts, knife- 
edge pivot and special frame 
armature construction. Like all 
Stromberg-Carlson relays, it is 
built to operate under extreme 
ranges of temperature and hu 
midity. Prompt delivery is avail 
able on all orders. 

For details, in Atlanta call 
TRinity 5-7467; Chicago: STate 
2-4235;: Kansas City: HArrison 
1-6618: Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. Or write to Telecommu 
nication Industrial Sales, 117 
Carlson Rd., Rochester 3, N. Y 


STROMBERG -CARLSON 


A OIVIBION OF 


GENERAL DYNAMICS 
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PORTER-CABLE depends on 
USG ” BRUSHES for the efficient power 
and endurance of their quality tools... 


Porter-Cable home and shop portable power 
tools are quality built to the highest standards 
in the industry. Contractors and builders, 
home craftsmen and hobbyists have come to 
expect Porter-Cable power tools to give long 
years of dependable, trouble-free service. 


bistyit 


Naturally, Porter-Cable specifies only the best 
components for their products, including 
USG Motor Brushes. 


Vital to power, efficiency and endurance of 
electrically powered units, USG Motor 
Brushes are giving excellent, maintenance- 
free service in thousands of applications in 
fractional H.P. and industrial type motors, 
generators, crane and mill motors, marine 
and transport motors and dynamos. 


The United States Graphite Company manu- 
factures a complete line of motor and genera- 
tor brushes and contacts that include carbon, 
carbon-graphite, electro-graphitic, metal- 
graphite and silver graphite. 


' For complete information on USG brushes and contacts, 
write for Catalogs B-56 and the USG grade list. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW , MICHIGAN 
GRAPHITAR® carson-crapnite © GRAMIX® pownER METALLURGY © MEXICAN® GRAPHITE ies © USG® srusues 
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hook-up wire for internal wiring of 
meters, panels, electrical and electronic 
equipment, and data on cable for high- 
frequency equipment and r-f trans- 
mission lines. Folder of four pages 
supplies tabular information for rapid 
selection from various Class H jacketed 
components and configurations. Sequoia 
Wire & Cable Co., 2201 Bay Rd., Red- 
wood City, Calif. 

Circle 800 on postcard af end of book 


COAXIAL CABLE 


Catalog W3, 40 pages, provides in- 
formation on coaxial cable plus an up- 
to-date RG-U nomenclature listing with 
electrical and mechanical information on 
cable materials and performance. Amp- 
henol Cable & Wire Div., Amphenol- 
Borg Electronics Corp., Chicago 38. 
Circle 801 on postcard af end of book 


SILICONE-RUBBER ADDITIVE 
A fluid-like silicone additive for adjust- 
ing and controlling the viscosity of 
RTV silicone rubbers is announcea in 
Bulletin U-9-204. Silastic RTV Thinner 
makes it possible to increase the flow- 
ability of uncured elastomers without 
affecting their performance. Dow Corn- 
ing Corp., Midland, Mich. 

Circle 802 on postcard at end of book 


MOLDING COMPOUND 
A castable form of “Fiberfrax” ceramic 


fiber FC-25 is covered in a technical 
data sheet which describes a compound 
of ceramic fibers and inorganic binder. 
Continuous-use temperature is up to 
2300 F. Thermal shock resistance is 
excellent. Casting procedure is de- 
scribed. Ceramic Fiber Project, Re- 
search & Development Div., Carborun- 
dum Co., Niagara Falls, N. Y. 

Circle 803 on postcard at end of book 


PLASTICS COATINGS 
Six-page Coatings Selector is a guide to 
specialty coatings available for applica- 
tion on plastics, metals, glass and wood. 
Charts show the uses and characteristics 
of the company’s spray, dip and flow 
coating materials, vacuum metallizing 
coatings and standard plastisol formu- 
lations. Bee Chemical Co., 12933 South 
Stony Island Ave., Chicago 33. 

Circle 804 on postcard at end of book 


ADJUSTABLE-SPEED DRIVES 


Electrical drives are featured in Bul- 
letins SL-351-460 and SL-352-560. For 
motors from % to % hp. Speed range 
of autotransformer-rectifier control units 
is 50:1. Bulletins contain specifications, 
design and construction details, opera- 
tional, installation and application in- 
formation. Sketches show system varia- 
tions. Cleveland Machine Controls, Inc., 
1155 Brookpark Rd., Cleveland 9, Ohio. 
Circle 805 on postcard at end of book 


SOL!D-FILM LUBRICANTS 


Catalog LB-6 contains 16 pages of data 
on compounds using MoS, and graphite 
in thermosetting resins and ceramic 
binders. Bulletin has detailed specific. 
tions, performance curves, applications 
and processing procedure for various 
metals, (Lubricants applicable under 
temperature extremes, corrosive condi- 
tions, high speeds and high loads. Elec- 
trofilm, Inc., 7116 Laurel Canyon Blvd., 
No. Hollywood, Calif. 

Circle 806 on postcard af end of book 


HIGH-DENSITY POLYETHYLENE 
Applications for high-density polyethyl- 
ene is the keynote of a 20-page brochure 
dealing with a material with high 
strength and resistance to high and low 
temperature extremes, chemicals, mois- 
ture and oils. Rarge of potential ap- 
plications is illustrated by photographs. 
W. R. Grace & Co., Polymer Chemicals 
Div., 225 Allwood Rd., Clifton, N. J. 
Circle 807 on postcard at end of boox 


VARIABLE-SPEED DRIVE 

Bulletin 540-22-5 describes a continu- 
ously variable-speed drive and contains 
characteristic curves. In zero-speed re- 
gion, no-load to full-load speed regula- 
tion and stability is approx 0.1 rpm 
Speed at max hp of 3.2 is +416 rpm 
Max torque, 700 in.-lb. Pegasus Labo- 


HOW 10 SAVE MONEY 


ELECTRICAL MANUFACTURING 





ratories, Ine 3500 Eleven Mile Rd., 
Berkley, Mich. 
Circle 808 on postcard at end of book 


VARIABLE-SPEED DRIVES 


Sixteen-page Catalog ZM-200C560, ol 
stepless drives for fractional horsepower 
applications, lists typical applications 
Operating features and installation sug 
gestions are accompanied by diagrams 
and details on all units, with or without 
Zero-Max Co., 1952 Lyndale 
Ave. South, Minneapolis 5, Minn. 
Circle 809 on postcard at end of book 


motor 


RECIPROCATING SHUTTLE DRIVE 


Brochure of eight pages describes a 
drive that can transfer a 6000-lb load 
through 3 ft in 1.3 see (max accelera- 
tion of '% g) and position load within 
0.001 in. using 7'o-hp motor. Expert 
Automation Machine Co 17144 Mt. 
Elliott Ave., Detroit 12, Mic h 

Circle 810 on postcard at end of book 


STEP-FUNCTION SPEED REDUCER 


Bulletin 262 and Data Sheets 1 through 
5 introduce two speed reducers: ratios 
to 1000:1 in ten speeds and ratios to 
200:1 in eight speeds for instrument 
applications. Some applications are in 


strip-chart recorder, oscillator scan 


drive, programming-timer drive for 
multiple-circuit control, controlling oven 


heating and cooling cycles. Insco Co 


Make sure you get all that you pay for, 
but pay only for the quality you need. 

Simple? Yes. The cord you select plays 
a big role in the long-run performance of 


cg 


your products. 


Take Rome 50, for example. It's rugged, but rela- 
tively low cost (compared with premium mold-cured 
cord), designed for conveyors, bus heaters, office 
machines, industrial and commercial appliances. 


Div., Barry Controls, Inc., 
Groton, Mass. 
Circle 811 on postcard at end of book 


Hollis St., 


MOTORIZED SPEED REDUCERS 


Sixteen-page Catalog HM-60, covering 


complete information on horizontal 
motorized differential speed reducers, 
contains engineering data, mounting 
information, service factors, horse- 
power. torque and overhung load rat- 
ings for seven models offering a ratio 
range of 1.1:1 to 50,000:1. Winsmith, 
Inc.. 90 Eaton St.. Springville, Erie 
County, N. Y. 


Circle 812 on postcard at end of book 


ADJUSTABLE MOTOR BASES 


Catalog sheet of Selfaline motor bases 
deals with units for fractional as well 
as integral-hp motors in 182 through 
215-frame. Used for adjusting tension 
of belt drives. Doherty-Silentaire, 3105 
Convention St., Baton Rouge 1, La. 


Circle 813 on postcard at end of book 


FHP A-C MOTORS 


Line of special-application motors, of. 
fering 16 horsepower ratings between 
we and '4 hp, is described in Bulletin 
M45. Eight-page bulletin lists construc- 
tion features, ratings and dimensions of 
32 specific models for use in office ap- 
pliances, blowers, fans and small elec- 


tric tools. Fractional HP Motor Div., 


300 volts. 


Robbins & Myers, Inec., Springfield, 
Ohio. 
Circle 814 on postcard at end of book 


MOTORS WITH TEMPERATURE 
SENSOR 
Illustrated Technical Paper A-6022, 
thirteen pages, presents a description 
of the Guardistor motor, which is 
equipped with a thermistor protection 
system for over-temperature warning. 
Heat build-up in motor winding alone 
is monitored. For motors through 200- 
hp rating. Westinghouse Electric Corp., 
3 Gateway Center, Box 2278, Pitts- 
burgh 30, Pa. 

Circle 815 on postcard at end of book 


POWER TRANSMISSION CLUTCH 


Four-page bulletin presents features of 
the “Power Max” drive which combines 
clutch, adjustable torque selector and 
variable starting time delay. Sizes are 
3 to 2000 hp. Centrifugally operated 
clutch is adjustable for both maxiraum 
torque transmitted and time delay in 
“picking-up” driven load. Olme Pre- 
cision, Inc., 480 Masonic Bldg., Ports- 
mouth, Ohio. 


Circle 816 on postcard at end of book 


ELECTROMECHANICAL COMPONENTS 
Catalog of specification sheets deals 
with representative models of clutches 
and brakes in the following categories: 


type SO—600 volts and 18 and 16 in type SJO— 


If your application calls for a premium cord of 
tirelike toughness, Rome 60 molded in lead will 


meet your requirements. 


The Roprene (neoprene) jacket provides excellent 
resistance to moisture, abrasion, oils, acids, sun- 


light and even to flame. 


Select the Rome 50 cord best suited to your ap- 
plication. Available in sizes 18 AWG to 10 AWG as 


SEPTEMBER 1960 
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For complete specifications, write to Rome Cable 
Division of Alcoa, Department 24-90. Rome, N. Y. 


Note: If your product is te be used under really rugged conditions, 
Rome 60-— vulcanized in metal moids—could be just the ticket. 


ROME CABLE 
DIVISION OF ALCOA 
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New Koolohm construction fea- 
tures include welded leads and 
winding terminations — Ceron 
ceramic-insulated resistance wire, 
wound on special ceramic core— 
multi-layer non-inductive windings 
or high resistance value conven- 
tional windings — sealed, insula- 
ted, non-porous ceramic outer 
shells—oged-on-load to stabilize 
resistance value. 










You can depend upon them to 
corry maximum rated load for 
ony given physical size. 


Send for Engineering Bul- 
letin 7300 for complete 
technical data. 


ALL UNITS ACTUAL SIZE 


SPRAGUE COMPONENTS: 
RESISTORS * CAPACITORS * MAGNETIC COMPO- 
NENTS * TRANSISTORS * INTERFERENCE FILTERS ° 
PULSE NETWORKS * HIGH TEMPERATURE MAGNET } 

WIRE © PRINTED CIRCUITS 
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INSULATED-SHELL POWER RESISTORS 


\ 
l 


SPRAGUE’ RELIABILITY 


in these two dependable 
wirewound resistors 


Sprague’s new improved construc- 
tion gives greater reliability and 
higher wattage rotings to famous 
Blue Jacket minioture axial lead 
resistors. 

They are ideal for use in minia- 
ture electronic equipment with 
either conventional wiring or 
printed wiring boords. 

Get complete data on these de- 
pendable minified resistors, write 
for Engineering Bulletin 
7410. 

TAB-TYPE BLUE JACKETS: For 
industrial applications, select 
wattage ratings from 5 to 218 
watts in Sprague’s fomous Tab- 
Type Blue Jacket close-tolerance, 
power-type wirewound resistors. 
Ideal for use in radio transmitters, 
electronic and industrial equip- 
ment, etc. For complete data, 
send for Engineering Bulle- 
tin 7400A, 





NEW SMALLER SIZE 
























SPRAGUE ELECTRIC COMPANY 


BB MARSHALL STREET + NORTH ADAMS, MASS. 
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hysteresis, friction, magnetic particle 
and miniature servo. Section on acces- 
sories includes pillow blocks and brush 
assemblies. Final engineering section 
reviews practical aspects of tension con- 
trol. General Electro-Mechanical Corp., 
Buffalo 7, N. Y. 

Circle 817 on postcard at end of book 


SIZE 8 SERVOMOTOR 


Four-page Folder 60250 shows per- 
formance data for a servomotor 0.840 
in. long and wound for 115-volt, 400-cps 
operation. Data sheet lists features, 
shows dimensional drawings and torque- 
speed curves, and gives all principal 
electrical and mechanical characterist- 
ics. Helipot Div., Beckman Instruments, 
Inc., 2500 Fullerton Rd., Fullerton, 
Calif. 

Circle 818 on postcard at end of book 


LINEAR ACTUATOR 


Data Sheet D-1830, two pages, describes 
a linear power actuator which operates 
on 26 volts d-c and is rated at 2000-lb 
normal load and 5400-lb max load. 
Rate of travel, 0.45 in./sec; stroke, 
6.75 in. Hoover Electric Co., 2100 So. 
Stoner Ave., Los Angeles 25. 


Circle 819 on postcard at end of book 


SOLENOID VALVES 


Twenty-page illustrated Bulletin 91024 
describes two, three, and four-way elec- 
trically-operated valves. Bulletin sup- 
plies descriptions, specifications, out- 
standing features, flow charts, optional 
features, ordering data and dimensions 
for valves intended for system pressures 
to 200 psi and vacuum to 5 microns. 
Airmatic Valve, Inc., 7313 Associate 
Ave., Cleveland 9, Ohio. 

Circle 820 on postcard at end of book 


D-C CONTACTORS AND RELAYS 


Bulletin GEA-6621A, 32 pages, catalogs 
devices for d-c industrial control. Cata- 
log includes illustrations, layout and 
schematic diagrams, application data, 
and specifications for general-purpose 
contactors (25-100 amp), mill-type con- 
tactors (100-2500 amp), time-delay 
contactors, general-purpose and timing 
relays, instantaneous-overload and ther- 
mal-overload relays, field-loss relays, 
field accelerating and decelerating re- 
lays, and high drop-out relays. General 
Electric Co., Schenectady 5, N. Y. 

Circle 821 on postcard at end of book 


TERMINAL BLOCKS AND SWITCHES 


Catalog 16, 32 pages, carries new items 
and developments in both terminal 
blocks and toggle switches, with me- 
chanical and electrical information. 
Catalog incorporates data on latest plas- 
tic insulating materials in technical sec- 
tion as well as the various terminal 
block configurations. Line of Navy ter- 
minal blocks is listed with government 
specification designations. Barrier-type 


ELECTRICAL MANUFACTURING 





CYMEL © 


MELAMINE 


BEETLE 
PLASTICS 


CYANAMID MOLDING COMPOUNDS 
SELF-EXTINGUISHING ® HIGH ARC 


Ne aa is Mm Ns ae RESISTANCE @& DEPENDABLE ELECTRIC 


PROPERTIES UNDER ADVERSE CONDI- 
TIONS @ EXCELLENT ABRASION- 


NG Performa nce... RESISTANCE @ CHEMICAL RESISTANCE 


CYMEL 3135 — 3136 (giass-filled) Additional 
distinctive properties: outstanding electrical 
properties; high impact resistance; extraor- 
dinary flame resistance; good dimensional 
stability. Typical applications: circuit breaker 
| boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 
3135 (MMI-30, MIL-M-14E, Federal L-M-181 
Type 8; ASTM D704-55T Type 8); Cymel 3136 
(MIL-M-19061, MMI-5). 
CYMEL 582 (asbestos-filled) Additional dis- 
tinctive properties: resistance to atmospheric 
extremes; high dielectric strength. Typical 
applications: connector plugs; terminal 
blocks; a/c, automotive and heavy duty in- 


dustrial ignition parts. Specifications: 
MIL-M-14E MME; Federal L-M-181 Type 2; 
ASTM D704-55T Type 2, SP! SPEC NO. 27025. 


CYMEL 1077 (alpha cellulose-filled) Additional 
distinctive properties: Surface hardness, heat 
resistance, unlimited color range. Typical 
applications: appliance housings, shaver 
housings, business machine keys. Specifica- 
tions: MIL-M-14E — Type CMG (in approved 
colors); Federal L-M-181 Type 1; ASTM D704- 
55T Type 1, SPi SPEC NO. 30026. 


CYMEL 1500 (wood flour-filled)—-CYMEL 1502 
(alpha cellulose-filled) Additional distinctive 
properties: Good insert retention. Typical 
applications: meter blocks, ignition parts, 
terminal strips. Specifications: Cyme! 1500 
(MIL-M-14E Type CMG, Federal L-M-181 Type 
6, ASTM D704-55T Type 6}; Cymel 1502 (MIL-M- 
14E Type CMG, Federal L-M-181 Type 7; ASTM 
D704-55T Type 7. 


BEETLE® UREA (alpha-filled) Additional dis- 
tinctive properties: Economy of fabrication, 
economy of material, myriad translucent and 
opaque colors. Typical applications: wiring 
devices, home circuit breakers, tube bases, 
appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM 0705-55, Grade 1 
(Arc resistance limits are in process of 
revision by ASTM), SP! SPEC NO. 27026. 
WRITE FOR COMPLETE TECHNICAL DATA. 


Matis €&WYANANRNI YD a 
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All the answers 
On power 


1) 





New! ROYAL 
catalog no. 5-59 


48 Pages of helpful engineering information! Here's the biggest, 
most complete, most comprehensive catalog of power supply cords ever 
published . . . designed especially to help you select cord sets with the 
right wire, the right attachments, the right color, and the right styling for 
the electrical or electronic equipment you manufacture. Easy, Cross-Rej- 
erenced Index helps you put your finger immediately on the correct wire 


for the job . . . plus the caps, connectors, and strain reliefs you need from 
Royal’s large collection of stock molds — all available without tooling 
charges. Also . . . convenient charts showing current-carrying capacities 


and recommended wire sizes — in fact, everything you need to match the 
cord set to the requirements of your product. 


WRITE on company letterhead for your complimentary copy of this big, 
new Catalog No. 5-59 — today! 


ROYAL ELECTRIC 

< CORPORATION 

ferectaic/ ‘i PAWTUCKET, RHODE ISLAND 
Tr 





in Colifernic: Electric Cords & Supply Corp. in Coneda: Royal Electric Company (Quebeq) Ltd 
M3 €. 3rd St, bos Angeles 16 Polwte Clot Quebec 
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terminal blocks are listed in two-page 
spreads. Insulating strip that provides 
extra electric strength between the ter- 
minal hardware and chassis is de- 
scribed. Kulka Electric Corp.. 633-643 
So. Fulton Ave., Mt. Vernon, N. Y. 

Circle 822 on postcard at end of book 


CIRCUIT BREAKER 


Catalog 17 contains data on breaker> 
and enclosures. Thirty-six pages present 
general description of features, fol 
lowed by illustrated sections on explo 
sion-proof, dust-tight and weather-proof 
styles. Killark Electric Mfe. Co.. Van- 
deventer and Easton Ave., St. Louis 13, 
Mo. 

Circle 823 on postcard af end of book 


SWITCHES AND CONTROL DEVICES 
Catalog 57-S7, 12 pages, covers break 
glass switches, control stations for me 
chanically held switches and relays 
relay panel for gas valve, engine genet 
ator isolating switches, marine-duty 
transfer switches and phase-sequence 
correctors. Automatic Switch Co., Flor 
ham Park, N. J. 

Circle 824 on postcard af end of book 


FORCE-CONTROL SWITCHES 


Six-page Bulletin 49E describes 
switches which operate in compression 
or tension and which can trigger as 
many as four separate operations, Avail 
able in six basic capacities, any one of 
which may be set for a specific load 
point or points within ranges of 0 to 5, 
0 to 30 or 0 to 100 Ib. W. C. Dillon & 
Co., Inc., P. O. Box 3008, 14620 Kes 
wick St.. Van Nuys, Calif. 

Circle 825 on postcard at end of book 


PRINTED-CIRCUIT CONNECTOR 


Bulletin 600-690 reviews features of 
Continental connector for printed-cir 
cuitry applications. It has ten dual con 
tacts for 20 connections. Solder-lug ter 
minations accommodate 22 AWG wire 
Contacts accept ‘4e-in. thick printed 
circuit board or ribbon cable. Con 
tact material is spring-temper phos 
phor bronze with gold plate over silver 
plate. Body molding compound is glass 
reinforced dially! phthalate. Electronics 
Division, DeJur-Amsco Corp., 45-01 
Northern Blvd., Long Island City 1, 
N. ¥ 
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ADJUSTABLE THERMOSTAT 


Bulletin 122, one page, presents data on 
Model S-1S thermostat, a miniature dif 
ferential-ex pansion control, having eight 
standard ranges up to 1150 F. Snap 
action switch rated 5 amp, 125-250 volts 
a-c. In open-style mounting or NEMA 
1 enclosure. Burling Instrument Co., 
Chatham, N. J. 
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INDUSTRIAL TELEMETERING 


Eight-page brochure describes indus 
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reasons why you should 


buy Hughes high voltage silicon cartridge rectifiers 
‘To meet your requirements for IN1730-34, IN2382-85, IN596-98 and IN1406-13 
rectifiers... Hughes offers you a universal series with the following advantages 


over competitive devices: 


) . 
improved Circuit Savings In Space. 
Ae Portormance — e The case material is 


s plastic of high dielectric 


‘ Better High Altitude 
Performance — 


Since the case is Fewe 






ns ated and provide ; eact nit ¢ dtain the strength, making it 

ng leakage path betwee PIV rat nt units 
leads, the probability of wering | f ximity to 
flashover or corona at high turn, provide better each other 
altitudes is reduced voltage regulat and 
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| / 
A. Greater Depend- The 
ability —These 


assemblies utilize series 
3s of Hughes 


| hermetically sealed glass 


| diodes...packaged in a 
| non-combustible 

| cartridge. All interna 
connections are welded 
together to insure shock 
| and vibration resistance 


| 
| 
i 
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xe Standard Hughes units are 


available in voltage ratings from 600 
to 10,000 volts. In addition, Hughe 
any custom assemod/ies 
yned to meet your special 


ORDER TODAY! To 

btain delivery of Hughes 
Cartridge Rectifiers just 

a r write the Hughes 
Sen nductor Sales 
Office or Distributor 
nearest you. Or, fora 
omplete Cartridge 

tifier data sheet 
or: D.S. 82) please 
te ughes, 
Semiconductor Division, 
Marketing Department, 
Newport Beach, 
California. 





| 
| 
| 
| 
| 
| 
For export write: Hughes 

International, Culver City, Calif, 





CLEVELITE* 


Phenolic Tubing 
. . . has proven dependability. It is quality 


engineered to meet virtually every requirement in 
the electrical field. 


Clevelite has high insulation resistance, exceptional 
chemical properties and good machinability to give 
product performance at its best. Available in diameters, 
wall thicknesses and lengths for your particular 
requirements. 


The combined electrical and physical properties of 
Clevelite are essential to make your product better 
. . . at lower costs! 


We also make a complete line of kraft, fish paper, 
asbestos, acetate and mylar tubing. 


Fast, dependable deliveries at all times! 


Write for your copy of our latest 
illustrated brochure. 


*Reg. U. S. Pat. OF 


THE 
PLANTS £ LEVELAND 


c 
saicss: QLEVELAND CONTAINER <=" 


RESCOTT, ONT, 
ETROIT ; 
CHICAGO COMPANY : 
MEMPHIS 
LOS ANGELES 
PLYMOUTH, WISC. 
JAMESBURG, N. J. 
FAIR LAWN, N., J. 


NEW YORK 
WASHINGTON 
MONTREAL 


ABRASIVE DIVISION at CLEVELAND, OHIO 


REPRESENTATIVES: 
AND: R.S. PETTIGREW 4 CO. CHICAGO AREA: McFARLANE SALES CO, 
“7 ary Bl. We HARTFORD, CONN, 5950 W. DIVISION ST., CHICAGO 
NEW YORK AREA: MURRAY SALES CO. 
604 CENTRAL AVE., EAST ORANGE, NN. J. 
PHILADELPHIA: MIDLANTIC SALESCO. 
9 E. ATHENS AVE., ARDMORE, PA. 


544 S. MARIPOSA AVE., LOS ANGELES 
CANADA: PAISLEY PRODUCTS CO. LTD. 
36 UPTON RD., SCARBOROUGH, ONT. 
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6201 BARBERTON AVE, CLEVELAND 2, OHIO SALES OFFICES: 


WEST COAST: COCHRANE ELECTRONIC SALES CO. 


trial telemetering equipment, shows 
typical line costs and line capacities, 
describes how telemetering system 
works in simple terms and outlines 
typical systems. Detailed specifications 
included. Electro-Mechanical Research, 
Inc., ASCOP Div., Princeton, N. J. 
Circle 828 on postcard at end of book 


INDICATING PNEUMATIC 
CONTROLLERS 


Six-page Bulletin DMO58, describing 
controllers, gives specifications for the 
instrument and lists models for con- 
trolling pressure, vacuum, liquid level, 
flow, temperature and humidity. Fre- 
quency-response curves included. Bris- 
tol Co., Waterbury 20, Conn. 

Circle 829 on postcard at end of book 


THERMOCOUPLE ASSEMBLIES 


The 32-page Catalog 1890 illustrates 
and describes a line of thermocouple 
fittings, pressure-sealing glands and 
thermocouple accessories. Included are 
glands that provide low mass, fast re- 
sponse and positive method for sealing 
two or more bare wires from full 
vacuum to 10,000 psi at temperatures 
from —300 to -++-1850 F. Conax Corp., 
2300 Walden Ave., Buffalo 25, N. Y. 
Circle 830 on postcard at end of book 


FORCE TRANSDUCERS 


Single-page Condensed Catalog 294 
presents miniature force transducers, 
pressure transducers, strain gages and 
altimeter transducers. Clark Electronic 
Laboratories, Box 165, Palm Springs, 
Calif. 
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INFRARED DETECTOR 


Technical Bulletin 1300-] offers a de- 
scription of infrared-radiation detectors, 
uniformly sensitive throughout visible, 
near-infrared and far-infrared spectrum. 
Complete with diagrams, curves and 
formulae, four-page bulletin describes 
static and dynamic characteristics of 
thermistor bolometers and covers win- 
dow materials available. Section in- 
cluded on circuit-design considerations. 
Servo Corp. of America, 111 New South 
Rd., Hicksville, L. I., N. Y. 
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BLOWER CATALOG 


Catalog of performance data presents 
specifications of blower models with 
three-phase 400-cycle a-c, single-phase 
400-cycle a-c and 28-volt d-c motors. 
Blowers employ motor speeds to 22,000 
rpm for airflows to 65 cfm. Character- 
istic performance curves for blowers 
and motors are presented. Dean and 
Benson Research Div., Benson Manu- 
facturing Co., Kansas City 27, Mo. 
Circle 833 on postcard at end of book 


BEARINGS CATALOG 


Catalog 190 offers 41 pages of technical 
information on unground, semiground 
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Compatibility testing of Epoxy Magnet Wire with encapsulating materials 


Thousands of Compatibility Tests help show why 


EPOXY MAGNET WIRE HELPS SIMPLIFY DESIGN AND INVENTORY PROBLEMS 


Thousands of chemical and thermal stability tests in the sizes. It can also be furnished in combination with Vitrotex 

laboratory at temperatures above 130°C— plus over four (glass served) for positive thermal overload protection 

years of field experience—show that Anaconda Epoxy Magnet You can see how Epoxy offers many interesting possibilities 

Wire is compatible with virtually every varnish, encapsulating for cutting costs and simplifying production through standard- 

and potting compound currently in use ization in many totally enclosed as well as open applications 
This outstanding high-temperature compatibility alone is Our technical staff and our Research and Development 

reason enough to consider Epoxy practically an “all-around , Laboratory facilities are available to give you assistance in 

magnet wire. But this Anaconda-developed magnet wire has your compatibility and other magnet wire problems. See the 

outstanding diclectric strength, heat shock, adherence, and man from Anaconda. Or write: Anaconda Wire & Cable 

flexibility properties as well. And test results show Epoxy per Company, 25 Broadway, New York 4, N Y 

forms well in transformer oils and exhibits excellent resistance 

to attack from acids, alkalis and moisture conditions 


ASK THE MAN FROM 


Anaconda Epoxy is a 130°C (AIEE Class B) enameled 


magnet wire, but it costs no more than most 105° Class A 
magnet wires. This means you can often thermally upgrade 


your components to Class B at no additional cost. It's readily 


available, too— ina full range of round, square and rectangular FOR EPOXY MAGNET WIRE 


ANATHERM NYFORM PLAIN | CNAME f FORMVAR |>: ANALAC 
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and ground radial bearings, thrust 

bearings, pillow blocks, sheaves and 

; ; ; d J wheels. Nice Ball Bearing Co., 30th 

Sealing Unlimite and Hunting Park Ave., Philadelphia 
Ww) 
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DAGE ate Manufacturer’s 


Publications 


Precision Hermetic Seals 


For these selected publications on 


iterials, components, technical data and 

a complete line of compression 
: ' engineering services, write direct to the 
and Kovar single pin seals nanufacturers on company letterhead, 


nentioning EvecrricaL MANUFACTURING 


is vour source 


and multi-pin headers. 


The proven quality of Dage glass-to- 
metal seals helps insure the reliability 


of your produc ts 


B rite today for Cataiog 1259. 


MINIATURE ELECTROLYTIC 

inne NEE CAPACITORS 
Four page Engineering Bulletin EL-5 
DAGE ELECTRIC COMPANY, INC. on Type ML aluminum-encased electro- 
ARERR EECH GROVE. INDIANA lvtic capacitors, contains stock values, 
t 305 dimensions and typical characteristic 
curves. Values range from | pf at 150 
volts to 500 wf at 3 volts. Request bul 
Pyramid Electric Co., Dar 

¢ 


ye, a (6 PLASTICS EXTRUSIONS 


eo ett) Quality you con trust Brochure of 72 pages includes several 


lealing with design and 
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extrusions, and over 700 


igran ot extruded 


d letterhead request to 
Co 1-36 36th St 


f : a : N. 1 

Beovyi\ee pn 
SMAAK. J SOLDERING .~...* 
teen! THIS SPOOL! i eee sane at eetnge os Saey 


var iable 


and has 
cy curves 


-* wn is ble of electrical 
eesooeeesecos® ind physical dimensions 


Wee ley. heractesietien 
Ss a k- Of typu ! ctors with diagrams and 
K E SS T | he . _ ’ commonly used hermetic and 
poxy-pott m cases, Copies may 
Ss O LD E a i by tai bY writing on company 
| r o Leo Schwartz, Burnell & 
Kester Fiux-Core Sovper is i aie iis Maa 
always first choice with those ian ee 
who know solder. They: like 
the way it helps keep produc- BALL BEARINGS 
tion costs in line, speeds as- | 
sembly, assures dependable | ate Ry Sela a 
Bes ' , L 0 juipment 
performance. Yes, American designs are presented in 28-page Book 
industry is sold on Kester . .. 


let S-112R. Pictured in the booklet are 
how about you? 9 
23 drawings of designs including trans 


AAA 


\\\ 


| 


ical applic itions for thin sectioned 


\\\\N 


nissions, machine tools, manufacturing 
WRITE today ind assembly machines, control equip 


for free 78-page ’ 
Kester technical Y ment, instrument mounts and clutches 
manual. 


SOLDER ... Its Booklet includes specifications for ball 
Fundamenta!s 4209 Wrightwood Avenue « Chicago 39, Illinois radial Ct} Reali-Slim bearings 
and Usage 


Newark 5. New Jersey « Anaheim, Calif. « Brantford, Ontaric Canaas Copies ivailable upon letterhead re 


: ; quest to Kaydon Engineering Corp., 
Over 60 Years’ Experience in Solder and Flux Manufacturing Muskegon. Mich 
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POPULAR 


Call your Gp) rep today for a 
demonstration of one of these 


SCILLOSCOPES 


Production or lab instruments— Simple to use, even for non- 
technical personnel — Moderately priced—Full 10 cm x 10 cm 
display — Automatic calibration waveforms— Low phase shift — 
Automatic triggering for optimum presentation—“Times-5” 
sweep expander magnifies trace, improves resolution. 


DC to 200 KC 


Models 120A/AR combine minimum controls with § automatic triggering 
for utmost speed, convenience. Horizontal amplifier dc to 200 KC; phase 
shift only + 2° to 100 KC. More X-axis information due to horizontal ampli- 
fier sensitivity control, with vernier, 5% accuracy. Balanced input on most 
sensitive ranges for low level work. Times-5 sweep expander, all ranges. 15 
calibrated sweep speeds, 5 .sec/crn to 0.2 sec/cm. Vernier, expander extend 
speed range 1 ysec/cm to 0.5 sec/cm. 10 mv/cm sensitivity calibrated ver- 
tical amplifier, drift-free trace. @ 120A (cabinet) or @ 120AR (rack) , $435. 


DC to 200 KC - DUAL TRACE 


Models 122A/AR provide simultaneous two-phenomena presentation, are ideal for direct 
comparison of filter, amplifier output /input phenomena; vibration testing. Unique # front- 
panel automatic calibrator waveform switch. Twin vertical amplifiers operate independent- 
ly, simultaneously, differentially. Automatic triggering, automatic synchronization, single 
trace operation when desired. Sensitivity 10 mv/cm to 100 v/cm, 15 calibrated sweeps, ver- 
nier extension. Horizontal amplifier dc to 200 KC. # 122A (cabinet) or 122AR (rack) , $625. 


DC to 300 KC -“BIG SCOPE” PERFORMANCE 


Models 130B/BR provide wide usefulness, simple operation and rugged dependability. 21 calibrated sweep 
times, 1 ,sec/cm to 5 sec/cm. Vernier, expander extend range 0.2 »sec/cm to 12.5 sec/cm. Twin hori- 
zontal and vertical amplifiers, phase shift + 1° to 50 KC; sensitivity 1 mv/cm to 125 v/cm. Balanced 
input on 6 most sensitive ranges. Common mode rejection 40 db. Stability 1 mv/hour after warmup. 
Triggering automatic, internally, line power, externally, 0.5 v or greater. # 130B (cabinet) or 130BR 


(rack) , $650. Data subject to change without notice. Prices f.0.b. factory. 


HE WLETT- PACKARD COMPANY 
sa 1050M Page Mill Road Palo Alto, California, U.S.A. 
Thirteen precision Cable “HEWPACK” DAvenport 6-7000 
& oscilloscopes , Sales representatives in all principal areas 
HEWLETT-PACKARD S.A. 
de to 1,000 MC Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26.43.36 «rs 
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New COMPONENTS and MATERIALS 


{ staff compilation of the latest developments 


in electrically operated end products . . 


tions and available application data, 


SILICON POWER RECTIFIERS 


Twin stud-mounted and triangular base 
“Quad-Sealed” rectifier series provides 
output ratings from 70 to 250 amp d-c, 
peak reverse voltage ratings from 50 to 


600 volts, and an operating temperature 


130 C at base. 
Reverse polarity types available in both 


range from 20 to 
stud-mounted and triangular-base se 
ries. International Rectifier Corp., 1521 
E. Grand Ave., El Segundo, Calif. 

Circle 501 on postcard at end of book 


SENSITIVE 
PHOTOELECTRIC CELLS 


Type 5 barrier-layer photoelectric cells 
are approximately 50 per cent more 
sensitive than previous cells and avail- 
able in almost any shape or size. Self- 
generating selenium cells supplied in 
various spherical or cylindrical shapes, 
or as flexible strips. Sizes are as small 


as Ye-in. square. Current sensitivity has 
been increased by 2 to 1 foot-candle 
and potential sensitivity by 5 to 1 ft- 
over cells formerly available. In small 
est size, cells may be used for readout 
in punched-card data systems. Concave- 
shaped photoeles tric cell will give 
highly directional readings. With light- 
sensitive surfaces placed as required on 
spiral, photocell can be used as fune- 
tion generator or speed-measuring de- 
vice. Daystrom, Inc., Weston Instru- 
ments Div., 614 Frelinghuysen Ave., 
Newark 12, N. J 
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DIFFUSED SILICON DIODES 


Fast-recovery types and high-condu 
tance diodes are used for airborne and 
industrial computers. Typical applica 
tions include switching, pulse, flip-flop, 


~~ 


= ~ 


~ 
~ 


a 


‘ 
‘ 
" ‘ 


mace 


modulator, demodulator, discriminator, 
clamping, gating and detector circuits 
Fast-recovery 1N625 through 1N629 
provide 400,000 ohms impedance in 1.0 
psec. High-conductance types 1N482 
through 1N485 feature max avg for- 
ward current of 100 ma at 1.1 volts. 
CBS Electronics Information Services, 
100 Endicott St., Danvers, Mass. 
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STEPPING SWITCH 


Type ACS stepping switch is designed 
for sequence controlling, counting and 
totalizing, scanning, information stor- 
age and other switching operations. 
Can be furnished with 2, 3, 4, 8 or 12 
single-pole contacts, continuous rota- 
tion, shorting or non-shorting. Modifi- 
cations available. Operating voltages 
up to 230 volts a-c. Nominal power re- 
quired, 20 va a-c minimum. Operating 
speed, 300 rpm. Contact rating, 1 amp 


screened for design-in use 


complete with all released specifica- 


at 115 volts a-c. Comar Electric Co., 
3349 W. Addison St., Chicago 18 
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MULTI-POLE CONTROL RELAY 


Relay that handles up to 20 poles 
features individual 4-pole contact blocks 
that can be added to basic solenoid 
frame as needed. For machine tool and 
other control center applic itions, con 
tact blocks are rated 10 amp, 600 volts 
resistive, while coil voltages ink lude 


110, 220, and 440 volts. Four pole con 


tact blocks have standard configuration 
consisting of a pair of NO and NC 
contacts on each side. Stationary con- 
tacts are silver. Spring-type bronze-alloy 
moving assembly has brazed silver-alloy 
contacts, providing double break and 
action. Lake Shore Electric 
205 Willis St.. Bedford, Ohio 
Circle 505 on postcard at end of book 


TRANSISTOR HEAT RADIATOR 


Model 3AL-685 radiator, designed for 
an 832 tapped stud 
hole for mounting transistors having 
TO-31 and TO-26 packages. Radiator 
intended fcr mounting on printed-cit 
cuit boards, holds 
built-in set screw. Body of radiator is 
black-anodized aluminum, 


wiping 
Corp., 


transistors, has 


transistor by a 
having 15 
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your delivery date... 
the requirements of Mil E-4970°. .. 


Luxolene Molded 


Luxolene epoxy molded coils, manufactured on 
production basis, meet the requirements of Mil 
E-4970* and are engineered especially for appli- 
cations involving sand, fungus, high and low tem- 
perature, humidity, vibration, shock, salt spray, 
sunshine or dust. 


Luxolene coil windings are completely encased in 
thermosetting epoxy resin by incorporating a core 
tube of the same material as is used in the en- 
capsulating process. Luxolene Epoxy resin is op- 


Coils meet both! 


proved by Underwriters Laboratories as a Class B 
(130°) insulating material. Available in colors— 
black, green, blue, yellow, orange and red. 
From design to delivery, Deluxe engineers work 
with you. Capacity for volume production, with 
highest degree of accuracy, assures your meeting 
delivery schedules on any product from washing 
machines to missiles. 

For specific information write to Deluxe Coils, Inc., 
P.O. Box 454 or phone Wabash 1720. 


*Certified by American Laboratories Report No. 9-3612-CH. 
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TELEPOXY is being used for potting 
transformers, encapsulating mag- 
netic amplifiers, insulating motor 
laminations, and coating ceramic 
capacitors. 

TELEPOXY has excellent physical 
and electrical properties, is dimen- 
sionally stable, and formulations 
are available to meet MIL-T-27A. 


A companion Product to TELEPOXY 


TELE-SOLV 


THE EPOXY STRIPPER 


TELE-SOLV is a “self-activating” 
stripper which removes epoxy or 
polyester resins from potted com- 
ponents, without damage to parts 
or materials. 

TELE-SOLV is non-flammable and 
requires no special equipment. 


a 
back. 
1 of 
5 -- 
rum 
55 drum 


OTHER EC PRODUCTS: 


Micro-Miniature Relays ¢ Transformers 
Ceramic Capacitors © Magnetic Amplifiers 
Filters * Delay Lines 
Toroidal inductors * Pulse Transformers 


Write for TELEPOXY litera- _ 
ture describing a wide variety Tite, 
of formulation. Request TELE- 
SOLYV technical data or litera- 
ture on other EC Products. 


“For confidence in electronic products” 


= ELECTRONIC 
Py COMPONENTS 


OF TELECOMPUTIN RPORATION 
14706 Arminta Street, Van Nuys, California 
TRiangle 3-1340 TWX VNCAL 7016 
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3500 


cooling fins with approximately 4 sq in. 

of radiating surface. Birtcher Corp., 

Industrial Div., 4371 Valley Blvd., Los 
> 


Angeles 32. 
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SNAP-ACTION SWITCH 
Model OBS. with 


wiping action, has contacts rated 5 amp 
at 125 volts a-c. Operating force, 28 


Miniature switch 


gm/ pole. Snap-action switch offered in 


double or single throw, set or return 
type in up to four poles. Columbus 
Electric Manufacturing Co., 2005 E 
Main St., Columbus 5, Ohio. 
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COMBINATION SWITCH 
AND CIRCUIT BREAKER 


Miniature Model 3100 
and circuit-breaker combination weighs 


toggle-switch 


less than 50 gm and is for use in radio, 
aircraft and industrial electronic and 
electrical gear. Electric strength, over 
volts; withstands up to 50-g 
shock. Device has interrupted circuits 


carrying up to 5000 amp at 120 volts, 


60 cps. Special magnetic assist causes 
fast tripping at heavy overloads, but is 
unaffected by transient overloads. Units 
available in ratings from 5 through 50 
amp. Wood Electric Corp., 244 Broad 
St., Lynn, Mass. 
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STEPPING SWITCH 


Ten-point stepping switch, Model 210, 
specially designed for digital opera- 
tion, has maximum length of 46 in. 
and weight of 1% Ib with 12 levels. 
Capable of over 100 million operations 


300 million 
with four 30-point levels. For applica- 


with twelve 10-point levels; 
tions such as sequence control, total- 
izing, sampling or single-point selec- 
tion. It transfers from position 10 to 
special circuitry 


3101 Pratt Blvd., 


position | without 
c. F. Glare @ Ceo.. 
( chic ago 5 
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MINIATURE CHOPPER 


Model 40 miniature d-c to a-c chopper 
is housed in a “ie x 4% x 5 in. metal 
case incorporating a taut-band arma 
ture suspension. Choppers available in 


following driving ranges: 20 to 150 
cps, 0 to 600 cps, 1000 to 1500 cps, 
with coil excitation voltages from 3 to 
28 volts square or sine wave. Rawco 
Instruments, Inc., 3527 W. Rosedale, 
Fort Worth 7, Texas. 
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SIZE 00 STARTER 


Sarter is @ magnetic, non-reversing 
device for general-purpose applications 
up to 2 hp, 3 phase at 380/440/550 
volts. Designed for use with single- 
phase motors also, standard Size 00 
is available either as open type or in 
NEMA Type 1 enclosure. Cover con- 
trol offered consists of “reset” only; 
“start, stop-reset,” and three-position 
(Continued on page 239) 


Circle 233 on Inquiry Card > 





Cables manufactured by Reynolds | 
Metals Company, Richmond, 

Virginia. Covering extruded of 

Tenite Polyethylene. 


ca oa 
Why Reynolds covers these aluminum 


conductors with TENITE POLYETHYLENE 


To obtain the highest possible performance from 
their secondary distribution and service line 
cables, Reynolds Metals Company chooses 
Tenite Polyethylene as a covering material. 
Tenite Polyethylene is manufactured under as 
rigid a system of quality control as Reynolds’ 
own aluminum conductors, and makes a tough, 
weatherproof, fast-stripping covering material 
which offers high dielectric strength and resist- 
ance to abrasion, heat, moisture, chemical attack 
and stress cracking. It remains flexible even at 
sub-zero temperatures and its light weight per- 


Both natural and black electrical grade Tenite Poly- 
ethylene are available to cable manufacturers in a 
unique spherical pellet form which flows freely in the 
extrusion process and in “air-veying” of bulk ship- 
ments from truck to bin. 


mits easy handling and wide spans, Users report 
that it gives long service life without festooning 
or splitting. 

Tenite Polyethylene is easily extruded as 
jacketing or insulation for many diverse appli- 
cations, from coaxiGls to control cables, from 
TV lead-ins to telephone wires. For a material 
with outstanding electrical, physical and chem- 
ical properties, specify Tenite Polyethylene. For 
further information, write EASTMAN CHEMICAL 
Propucts, Inc., subsidiary of Eastman Kédak 
Company, Kincsport, TENNESSEE. 


TENITE 


POLYETHYLENE 


an Eastman plastic 





The relay that doesn’t know how to fail! 


We got tired of waiting for this General 
Electric Miniature sealed relay to stop. 
It just kept switching . . . and switching 

. and switching . .. through more than 
750 million no-load operations before 
we finally gave up and took it off test. 

Frankly, we just don’t have the time 
or patience to find out what its actual 
mechanical life really is. We’re too busy 
building highly reliable relays for com- 
puter, machine tool, instruments, and 
other industrial electronics jobs. 


But, this doesn’t mean we're “asleep 
at the switch” and don’t know why the 
G-E Miniature relay performs so re- 
markably. It all stems from a superior 
E-frame magnet making possible larger 
gaps and more overtravel .. . a molded 
stack for mechanical rigidity . . . Beryl- 
lium copper contact springs assuring 
long spring life . . . and, a knife-edge 
pivot which eliminates pivot wear. 


Now don’t get the idea that this re- 


liable performance is confined to a me 
chanical-life test. To the contrary, this 
rugged relay is pre-conditioned to a life 
of “hard knocks.” Built-in shock and vi- 
bration resistance (ranging to 50G’s 
shock, and 10G’s vibration at 5-500 
cps) mean that the G-E Miniature can 
cope with just about any industrial 
demand. And, under typical conditions, 
a G-E Miniature relay will switch the 
coil of a similar relay through at least a 
hundred million operations. It can switch 
size “0” or “00” contactor coils more 
than 40 million times! 


What’s more, a General Electric in- 
dustrial Miniature requires less than 
one watt of power—a significant bene- 
fit when a number of relays are in the 
circuit. And, operating times as short 
as 10 milliseconds are possible, accom- 
panied by a sustained repetition rate 
of 2000 operations per minute! 


Add to all of this the fact that a G-E 


Circle 234 on Inquiry Cord 


Miniature’s small size saves valuable 
panel space that it’s not position- 
sensitive and can mount in any plane 

. that wiring is convenient . that 
the clearance and creepages on the 
header and socket meet NEMA require- 
ments ... and you know why the G-E 
Miniature sealed relay will out-perform 
any other type of relay in many indus- 
trial electronic applications 

Why not see your G-E Apparatus 
Sales Engineer today? He has all the 
details on the seven forms of General 
Electric Miniature sealed relays—each 
in a wide variety of terminations—for 
virtually every industrial switching need 
Or, if you prefer, mail the coupon at 
right. General Electric Co., Specialty 
Control Dept., Waynesboro, Virginia. 


Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 


ELECTRICAL MANUFACTURING 








Unique construction features 
give G-E Miniature relays 
unmatched reliability in 
industrial electronics jobs 





LONGER MECHANICAL LIFE of G-E in- 
dustrial relays is due—in part—to 
G.E.’s exclusive use of molded contact 
stacks which won't loosen or shift to 
the degradation of relay performance. 





DEPENDABLE PERFORMANCE is contrib- 
uted by the powerful G-E E-frame 
magnet-——another exclusive design pro- 
viding higher contact pressures, larger 
contact gaps, more contact overtravel. 





GREATER STABILITY of G-E relays is 
a result of G.E.’s unique support de- 
sign with the relay actually supported 


by its can. Other relays use a canti- 
lever support from the base only. 


General Electric Company 
Section & 792.15 
Schenectady, New York 


Please send me a free copy of 
Bulletin GEA-6665A, Sealed Re- 
lays for Industrial Application. 


Address 
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| 

| 

| 

| 

| 

| 

| 

| 

| Nome 
| 

| 

| 

| 

| 

| GENERAL @@ ELECTRIC 
| % 


We a a a ee 








selector switch. With two- or three-coil 
adjustable overload relays. Size, 5°4 x 
7 x 4e in. Cutler-Hammer, 315 No. 
Twelfth St.. Milwaukee, Wis. 
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GENERATORS AND 
MOTOR GENERATORS 


“Precise Power” and 
motor generators are available in rat- 
ings from 5 kw through 100 kw in 
open type construction with static ex- 
citer-regulators; inherent regulation to 
+10 per cent, or magnetic amplifier 


a-c generators 





regulation, to e] 
Brushless” a-c 


per cent. “Special 
generators with drip- 
proof construction are adaptable for 
engine mount or direct coupling to driv- 
ing motor; synchronous generators, 
rated from 5 kw at 1800 rpm through 
100 kw at 1800 rpm, are equipped with 
inherent regulation with no exteraal 
controls. Lima Electric Motor Co. Inc., 
Dept. 74, Lima, Ohio. 
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MACHINE-TOOL MOTORS 


1400 motors are available in 
ratings of 15 and 20 hp, in addition to 
the previous series of 4% through 10 


Series 








Alpha-titanium, containing 2.5% 
titre is the structural material used for 
the X-15 manned spaceship. Addition 
of tin provides greater creep resist- 
ance. This alloy is widely used in 
aircraft applications. It has the char- 
acteristics of high-grade steel, but only 
half the weight. 


Tin alloys may be used as hot- 
dipped or electrodeposited coatings on 
other metals or they may be cast as 
the base metal. Use of tin will result 
in one or more of these characteristics 
being added to finished products: 


malleability © nontoxicity 
lubricity © corrosion resistance 
solderability © wear resistance 
excellent bearing qualities 
ductility © attractive finish 


Tin is commonly alloyed with copper, 
lead, antimony, bismuth, aluminum or 
iron; less commonly with nickel, cad- 
mium, magnesium, 


zinc, mercury, 


silver, manganese, tellurium. 


Electronic components use 
tin in many applications. Transistor 
leads and caps are tinned. Tin-indium 
solder joins glass to metal, glass to 
glass. Printed circuits use 60-40 tin- 
lead solder. Potentiometer brush arms 
and springs are made of tin-containing 


| spring-temper phosphor bronze. A tin 


| 





chemical, bismuth-stannate, stabilizes 
Capacitors against temperature change. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses 


The Malayan Tin Bureau 


| Dept. 14-J, 2000 K Street, N.W., Washington 6, D.C 
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good reasons 


why you should 


Chromate Conversion Coatings 


CORROSION PROTECTION—The wide range 
of Iridite coatings available gives you a 
choice of corrosion protection—from eco- 
nomical, mild protection of parts for 
shipment, storage or display, to extremely 
high protection under exposure to marine 
and highly humid atmospheres, gasoline 
or other hydrocarbons. 


PAINT BASE—For an extremely tight bond 
for either baked or air-dried paints, non- 
porous Iridite blocks moisture penetra- 
tion—prevents formation of metallic soap 
products beneath paint coatings. 


APPEARANCE—Y our choice of colors rang- 
ing from clear through yellow iridescent 
to olive drab. Bright Iridite finishes can 
also be dyed to provide other color effects. 


SPECIAL EFFECTS —Iridite, in combination 
with other Allied Research processes, can 
provide a wide variety of finishes. As an 
example, Iridite 8-P applied to zinc or 
cadmium, followed by an application of 
Irilac, gives a highly attractive simulated 
brass finish. 


IRIDITE—c speciclized line of chromate 
conversion coatings for nonferrous metals. 
Eosily applied at room temperatures with 
short immersion times, monvally or with 


automatic equipment. Forms a thin film which 
becomes on integral part of the metal. 
Cannot chip, flake or peel. Special equip- 
ment, exhaust systems or highly trained 
personnel not required, 











For complete infermetion on 
iridite, contact your Allied 
Field Engineer. He's listed in 
the yellow peges under “Piet- 
ing Supplies.” Write for FREE 
TECHNICAL DATA FILES. 





Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET « BALTIMORE 5, MARYLAND 
SRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 
West Coast i consee tor Process Chemmcate | M Butcher Co 

furapees Agen Shwe Cronberge Sie goton 10 Stecthate Seeder 


Chem-co! ond Electrochem: o! Procenses Anode: Rect fers, Lqupmen ond Supple: to Mate! fowsheng 


| =| | | | 
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hp. Rotors are dynamically balanced 
and mounted between two heavy-duty 
ball bearings. Fin-type, cast-aluminum 
frames. Available in TEFC and TENV 
types, for continuous or intermittent 
duty. Reuland Electric Co., 3001 W. 
Mission Rd., Alhambra, Caiif. 
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TIMING MOTORS FEATURE 
BRAKE AND CLUTCH 


Reversible timing motors incorporating 
automatic braking and clutching actions 
are made possible by causing motor to 
shift axially when motor coils are en- 
ergized. De-energizing coils results in 





positive brake action which suits mo- 
tor for remote adjustments of potenti- 
ometers, condensers and other control 
devices. Shift action can be modified to 
provide a free shaft when motor is de- 
energized. Automatic braking and 
clutching available on manufacturer's 
reversible motor line. No external 
changes in motor size, appearance and 
mounting needed. Bristol Motors Div. 
of Vocaline Co. of America, Old Say- 
brook, Conn. 
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MINIATURE BRAKES 
AND CLUTCHES 


Electric brakes and clutches provide 
articulation of power drives rated up to 
1.5 lb-in. Less than 1 in. in diam and 
%, in. long, the miniature brake RF 
and clutch SF are designed for aircraft 
components, data-processing equipment, 
computers, film projectors and similar 
equipment. Brakes or clutches operate 
directly from 28 or 90 volts d-c. Arma- 
ture floats axially on separate hub. 
Four holes for Y%-in. capscrews used 
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SILICON 


@ in All Basic Circuit 
Configurations 


® 2 Weeks' Delivery on 
Standard Assemblies 


® Traditional High 
Vickers Quality 


Vickers’ Electric Products Division has 
been a leader in the development and 
manufacture of selenium rectifier stacks 
for many years. This extensive practical 
experience and specialized skill have now 
produced a new line of silicon rectifier 
stacks. Like all Vickers rectifiers, they are 
outstanding for their exceptional quality, 
reliability and durability—characteristics 
verified by thorough laboratory testing. 
These pre-assembled stacks are easy to 
install, and are low in both initial cost 


and operating cost, 


Write for new 


- 
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ELECTRICAL CHARACTERISTICS 


Available in all p.i.v. ratings from 50V to 1800V, and with current 
ratings from 2 to 105 amperes 


Voltage-dividing resistors provided in stacks employing series cells 
Extremely low reverse current and forward drop 


Stability at high temperatures 


MECHANICAL CHARACTERISTICS 


oe ; 3 2 
3320 Series Bulletins and price list (on your letterhead) 


Copper fins for high, fast heat dissipation 
Nickel-plated and epoxy-coated for maximum corrosion resistance 
Melamine High Voltage Insulation 


Available in fin sizes of 2”x 2”, 3”x 3”, and 5”x 5”, all .064” 
, 


thick 


Keyed shaft, sturdy, dimensionally accurate construction and 
assembly. Ruggedness insures reliability in high vibration and 
shock applications 


EPA 3320-1 


VICKERS INCORPORATED 


DIVISION OF 


SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET / 


SAINT LOUIS 3, MISSOURI 


Sales Engineering Offices: BOSTON (Rep.)—CEdor 5-6815 « CHICAGO—JUniper 8-2125 e CLEVELAND—EDison 3-1355 
DETROIT—TOwnsend 8-5100 e SAN FRANCISCO (Rep.)—Fireside 1-3433 @ ST. LOUIS—CEntral 1-5830 e ST. LOUIS (Rep.)—JAckson 1-4877 
SYRACUSE (Rep.)—GRanite 4-4889 e LOS ANGELES—DAvenport 6-8550 e NEW YORK CITY—LEnnox 9-1515 e WASHINGTON, D. C.— EXecutive 3-2650 
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LAB ACCURACY IN A PANEL- 
MOUNTED METER? ... it’s yours 
with BECKMAN Expanded Scale 
Meters. Your knowledge of power 
supplies ... whether in the lab or on 
the launching pad...is only as ac- 
curate as the instruments you read. 

Precision built by Helipot Divi- 
sion, BeckKMAN Expanded Scale Volt- 
meters always tell the truth. The 
critical voltage range — the one you 
want to know the most about--is 
expanded across the entire arc of a 
fully linear scale, thus eliminating 
unnecessary and unusable calibra- 
tions. 

Resolution of a typical 110 —120v 
AC meter is one-tenth volt; combine 
that resolution with +0.3% accuracy, 
and you have an instrument that 
will perform like a highly special- 
ized bench model... yet is fully rug- 
gedized and sealed, ready for the 
most demanding application. And 
this meter doesn't care what shape 
the waveform is in. Be it square, 
zig-zag, or what-have-you... this 
meter always reads direct rms. Noth- 
ing average here—not even the sens- 
ing device! 

BECKMAN Expanded Scale Meters 
come in a variety of shapes, sizes, 
and ranges ...including AC and DC 
voltmeters, frequency meters and 
linear scale ammeters. Each is avail- 
able in both commercial and military 
models ...and delivery is superb: 30 
days on standard models, 60 days on 
specials. 


For the whole truth about your 
power supply, use secxman Ex- 
panded Scale Meters. For the whole 
truth about secxkman Expanded Scale 
Meters ...send for Data File. 


Beckman 
Helipot’ 
POTS : MOTORS : METERS 
Helipot Division of 

Beckman Instruments, Inc. 
Fullerton, California 
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for mounting. Warner Electric Brake 
& Clutch Co., Beloit, Wis. 
Circle 515 on postcard at end of book 


INTEGRAL HP MOTOR 


Open weatherproof a-c “Duty Master” 
motors with epoxy encapsulated insu 
lation system are available in frames 
180 through 445 U (1 through 125 hp) 


in all standard speeds and voltage« 
Class B insulation system is based on 
thixotropic epoxy resin. Metering lubri 
cation system is employed with double 
shielded ball bearings. Rust-preventing 
coating applied to internal metal sur 
faces. Reliance Electric and Enginees 
ing Co., 24701 Euclid Ave.. Cleveland 
17, Ohio 
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MINIATURE BRAKE 


Precision ball bearing brake, which 
engages when energized, has a 1l-in 
OD and is 0.780 in. long. Torque out 
put, 35 in.-oz at 24 volts d-c with zer 
backlash. Power consumption at 2! 


volts d-c is 2 watts, with temperature 


range from —65 to +-125 C. Meets ap 
plicable portions of MIL-E-5272. Brake 
has applications in remote-control sys 
tems, computers and guidance system 
Orbit Instrument Corp 131 Eileen 
Way. Svosset, I a N. ¥ 
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SYNCHRONOUS 
DIFFERENTIAL 


Model 1652C-0463 combines two hys 
teresis-synchronous motors and me 
chanical differential all within a 3° 

in. housing. Applications include auto 
matic synchronization of machinery ot 
regulating frequency of two supplies 


One synchronous motor is connected 










Only at Daystrom's Transicoll Division can 
you find such a splendid array of temperature 
compensated 


high-accuracy motor-tachometers. 


Here’s the lineup: 

4- and 6-pole in Sizes 8 and 11; 4- and 8-pole in 
Sizes 15 and 18; and a special high-torque 4-pole 
model in Size 18. But this is only the beginning— 
it doesn’t include all the variations in motor wind- 
ings and shaft configurations that we can conjure 
up to meet unusual requirements. 


And what about performance? Let us 
merely assure you that these are the most tem- 
perature stable servo components of their kind 
we've ever had the opportunity to test. 





TRANSICOIL DIVISION 


“ErTEMBER 1 


...9 basic types 


temperature-compensated motor-tachometers 


ate 
DAYSTROM »s INCORPORATED 
Zw 


Deviation of Output Voltage VS. . Ambient Temperatere 


% DEVIATION OF OUTPUT VOLTAGE 


% 
o 





+ 

- ; t ———$$44—___}_+ 

0 -20 -0 +20 +4 +60 +80 +100 +120 +140 
AMBIENT TEMPERATURE C 


Ask to see our specification sheets and then 
discuss your needs with Daystrom’s Transicoil 
Division. 


Foreign: Daystrom International Div., 100 Empire St., 
Newark 12, New Jersey. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ontario. 


WORCESTER + MONTGOMERY COUNTY - PENNSYLVANIA 


Circle 239 on Inquiry Card 243 






“SPOOLY” 
SAYS... 


Super-Temp 
FOR WIDEST VARIETY OF 


CABLES 


Any high temperature cable the 
customer wants .. . using Teflon’, 
silicone rubber, nylon or PVC. You 
design it or we'll help you. Same 
fast delivery. 


\_> 7 See 
Cc) Coaxial Cables, Miniature & Jumbo Cabies 
Magnet Wire, Airframe Wire, Hook-up Wire 

Tefion or Silicone Rubber insulations 


*ouPont S TFE RESIN 


American Super-Temperature Wires, Inc. UM, =. 


26 West Canal St., Winooski, Vermont * UNiversity 2-9636 ° Cataiog. a8 pages of 
General Sales Office: 195 Nassau St., Princeton, N. J. + WaAinut 4-4450 valuable data. 
A Subsidiary of Haveg industries, inc.. Wilmington, Del 
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HERMETICALLY SEALED * 
fApvance| MILITARY DC RELAYS 
MAE) © AVAILABLE FROM STOCK 


vés 
Mimature Minature Printed Circwit| Subminiatere | Minature 
Sensitive Rotary Crystai Can Traasister | Sensitive 
Size Can Size i 
CONTACT oPD DPD Po | oPoT SPO SPO 
— } } (2 form C) (1 form C) (1 form C) 
MENT i 


RESISTIVE ts ras 
CONTACT 
RATING (AMPS) 


cou" 
RESISTANCE 
RANGE (ONMS) 


OPERATING 
POWER AT 
75°C (MW) 


WEIGHT 
(02.) 


“*OTHERS ON SPECIAL ORDER 


NEW! Ll sk EVACUATED AT 2.5 INCHES HG ABS 

16 page Eq DEGASSED AT 10 MICRONS AND 135-170°C 
CATALOG HT FILLED WITH DRY NITROGEN 

FREE a RADIFLO LEAK TESTED UPON REQUEST 


ELGIN ADVANCE RELAYS 


ELGIN NATIONAL WATCH COMPANY 
ELECTRONICS DIVISION * 2435 NORTH NAOMI STREET © BURBANK + CALIFORNIA 
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to control or master frequency and 
other to supply which is to be con- 
trolled. When frequencies synchronize, 
output shaft remains stationery. Output 
shaft rotates at speed equal to one-half 
difference in speed of two synchronous 
motors. Specifications per motor: fre- 
quency, 400 cps at 115 volts; total 
power input, 15 watts max; synchro- 
nizing torque, 0.45 oz-in. min; fallout 
torque, 0.46 oz-in. min; speed, 6000 
rpm. Kollsman Motor Corp., Dublin, 
Pa. 
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SMALL FLEXIBLE COUPLING 


One piece, four-way flexible coupling 
for miniature power transmission de- 
vices allows up to 5-deg angular and 
0.020-in. parallel misalignment. One- 
half-inch length allows close coupling 


and provides low torque loss. Couplings 
accommodate shaft sizes up to %@ in. 
Available from stock in several sizes, 
strengths, and materials including 
beryllium and stainless steel. Davale 
Coupling Co., 147 North Ave. 18, Los 
Angeles 31. 
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LOW-SPEED GOVERNOR 


Based on differential measurement be- 
tween known input speed and speed to 
be detected, centrifugal governor ac- 
curately detects speeds as low as 0.5 
rpm. “Co-Rater” is recommended for 
speeds below 100 rpm in automatic 
shifting of machine tool transmissions, 
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10 BIT REGIS 
ACTUAL SIZE 


A COMPLETELY NEW KIND OF SHIFT REGISTER 


USING MAGNETIC ELEMENTS ONLY... 


Here is the first commercially available line of all- 
magnetic shift registers. Now you can have both non- 
destructive dynamic and static output in the same 
register. Now you can have the minimum number of 
components, the minimum number bit to bit inter- 
connections and any serial/parallel input and output 
combination. Made with AMP multiaperture ferrite 
cores and copper wire only (see schematic below), 


AMP-MAD SHIFT REGISTER 


the AMP Shift Register line has a number of other 

useful features: 

® —40°C to +75°C temperature operating range 

© minor aperture output level up to 100 mw at sev- 
eral volts 

®@ immune to nuclear radiation 

®@ small size—ideal for miniaturization requirements 

@ ultimate in reliability and simplification 


TPUT 


READOUT DRivé 


0G. Oe) ih) mls eel 
ADVANCE oO” T i 


ADVANCE i To "oO 
PRIME CURRENT 


For complete information, including operating data, send for our AMP-MAD* Shift Register brochure. 


*Trade Mark 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland e« Italy « Japan « West Germany 
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specify... 


VULCAN 


CARTRIDGE 
HEATERS 


Vulcan Cartridge Heaters are 
designed especially to provide 
concentrated heat in small areas 
by insertion into machine parts, 
dies, platens, molds, presses, die 
blocks of embossing machines, 
packaging machines, etc. There 
is practically no heat loss be- 
cause the cartridge is com- 
pletely surrounded by the metal 
or material to be heated. 

Vulcan Cartridges are avail- 
able in a wide choice of stand- 
ard sizes — from 1” to 25” (or 
longer); diameter — 1/4” to 
1 19/64” (or greater); sheath — 
brass, steel, nickel or high tem- 
perature alloys; full range of 
wattage and voltage ratings. 
The proven “Thunderbolt” 
Heater is available for extreme 
conditions of watt density and 
temperature. 

Write for catalog and prices. 


(Jouatliy in Feat: Speatig 


VULCAN ELECTRIC COMPANY, Danvers, Mass. 
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protection of low-speed processing 
equipment, sequencing conveyors and 
automated systems. Governor can de- 
tect one or many low-speed functions. 
Single or high and low limit can be 
detected on each speed. Each individ- 
ual speed detector in governor operates 
on speed alone. Provides service life 
to 1,500,000 cycles. Torq Engineered 
Products, Inc.. Bedford, Ohio. 
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VANE-AXIAL BLOWER 


Miniature “V-Line” 
diam by 1'% 


blower is 2 in. in 
in. long. Unit delivers 64 
cfm in two-pole version, with 37 watts 
input and temperature rise of 40 C 
max. In four-pole design (11,000 rpm 


| nominal) input is 8 watts with temper: 


| ature rise of 15 C. Variety of flange 
available. Blower 
operates in excess of 1000 hr at 125 C, 
| continuous duty. Eastern Air Devices, 
Dover. N H 


| Inc., 385 Central Ave.. 


| and servo mounts 
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| AXIAL-FLOW FAN 


Low-noise fan operates with a noise 


| level of less than 65 db and will deliver | 


140 cfm at a pressure rise of 2 in. H,O. 


Motor conforms with MIL-M-1940 and | 


tes 


operates at 400-cps, 3-phase, 115 volts 
Housing has 4.25 in. diam and is 4.5 in. 
long. Housing and impeller are alumi 
num. Cosmodyne Corp., 12833 Simms 


Ave.. Hawthorne, Calif. 
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ELAPSED-TIME INDICATOR 


Four-hundred-cps time indicator WT-3, 
featuring digital readout, 


weighs 3%% | 
oz and measures 1%¢ in. OD x 2%% in. 
max. Digital presentation runs to 9999 


Give your products 
MORE RELIABILITY and 
BETTER PERFORMANCE with 


AVAILABLE FROM STOCK 
FOR IMMEDIATE DELIVERY 


HERMETICALLY SEALED, 
MIL STANDARD 
PULSE TRANSFORMERS 


Maximum power efficiency and optimum 
pulse performance 

for wse in blocking oxcilicter, interstage 
coupling ond low level output circuits 
Ruggedized construction — Grode 4 

@ Series of porclie! connection of windings 
for “ft turns ratio 


Pulse Veltoge Cher Ang 


Kilowolts 
0.25/0.25/0.25 
025/025 
05/05/05 
0505 
“050505 
oses 
07/07/07 
07/07 


MIL Type 
TF4RX35YY 
TF4RX3SYY 
TR4aXx3SYY 
TRARKISYY 
TR4RKOSYY 
TRaRKOSYY 
“WraexasvyY 
“Te4aRXaSYY 
THaRKISYY 10/10/10 
waaxasyy| 10/10 
Wwaexasyy| 10/10/10 
TramxasvY 10.15/0.15/0.3/0.3|_ 


Ruggedized, 
MIL STANDARD 
POWER & 


FILAMENT TRANSFORMERS 
Primary 105/115,/125 V $0-40~ 
7 ~ Appl. | Mil mt “MIL Type 

“T Plate & Fil 90026 1#48X03HAOO! 
” Plote & Fil 90027 | TF403J8002 
Plate & Fil 90028 | TF4RXOIKBOOS 
“Plote & Fil ad TF4RXO3LB003 
Plate & Fil 90030 | TF4RXO3MBOO 
‘Plote 90031 TFARKO2KBOO) 
Plate 90032 | TF4Rx0218002 

‘| Plate 90036 


| 
f 
ee 
1 
: 


AAARAA ‘| 


“ 
g 


90017 
90018 
90019 
90020 
90071 
90022 
90023 
"90024 
90025 


~ | Filement , 
TF4RxO1 F8004 


~TR4RXO1 BOOS 
“TE4RKO1 FBO06 


Filament 
Filament 
Fitament 
Filament" 
5 “TR4RXO1 18008 
TF4RXO1 KBOO9 
“TF4RX01 18012 
TR4RXKO1KBO13 


Filoment 
Filament 


PARTIAL LISTING ONLY 


WRITE FOR FURTHER INFORMATION OW THESE 
UNITS OR SPECIAL DESIGNS. 


Send for NEW 46 page transformer catalog. Also ask 
for complete laboratory test instrument catalog 


FREED 
TRANSFORMER CO., INC. 


1730 Weirfield Street 
Brooklyn (Ridgewood) 277, New York 
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MERKLE-KORFF 


4 : ; ' Geared motors are our business. 


Perhaps your firm is one of hundreds that have 
made use of Merkle-Korff’s application engineer- 
ing laboratory in developing the right drive for 
your product. Billiard ball polishers, vending 
machines, martini blenders, photo copy equip- 
\ ¥ 2 ment—these are a few geared motor applica- 
tions that our engineers have helped develop. 
We can help you. 


Merkle-Korff geared motors are first choice in 

— leading equipment of many types because they 
are extremely dependable, readily available in 
any quantity and designed to meet your spe- 
cific requirements. 
TORQUE MK Geared Motors are available in a 
complete range of torques to 300 pound-inches for 
continuous duty application. Much higher for an 
intermittent duty cycle. 
RPM 800 rpm to 1/5 rpm and lower. 
MOTOR TYPES Over 300 types in stock including 
induction, synchronous, wound shading coil 
reversible, tandem reversible, universal and D.C. 
MOUNTINGS Standard base, no base, inverted, 
vertical and wall mounting. 
ACCESSORIES Electromechanical brake, thermal 
overload protection, oversize cooling fans. 

Enclosures, dust or fungus protection, special 
oilers, cord sets—in brief MK motors are custom 
designed to meet the requirements of your application 
KNOW HOW You gain the services of 49 years of 
design experience when you use the facilities of the 
MK Application Laboratory —no obligation of course 
-write, phone or wire today to: 

MERKLE-KORFF GEAR CO., Dept. EM-5 
211 North Morgan Street 
Chicago 7, Illinois 
MOnroe 6-1900, Teletype CG 1930 


MERKLE—KORFF 


MERKLE-KORFF GEAR CO. |" ¢@ 
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THE CALCULATOR 
THAT EXTRACTS 

SQUARE ROOT 
AUTOMATICALL 4 ae eee 


Gear train has jewel bearings. Indicator 
provides continuous record of opera 
tional use and life which is applicable 
for reliability programs and life test 
ing, design and systems analysis, and 
utilization studies. WT-3 meets en- 
vironmental requirements of MIL-E 
5272B. Waltham Precision Instrument 
Co., 221 Crescent St., Waltham 54, 
Mass 
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ELAPSED-TIME INDICATOR 


Miniature, expendable, electrochemical 
timer fits in a 3AG cartridge fuse clip. 
Operates on electroplating principle. 
Standard operating time: 100, 500, 1000 


Meet Friden’s SRW —the Thinking Machine 
of American Business. It’s a complete desk 
calculator in every way. But it also extracts 
square root automatically at the touch of a 


single key. And it’s the only calculator that can! 


1. On the keyboard, enter the : a: 
figure from which the rootis If you now waste valuable productive time 


extracting square root by old-fashioned 
methods, put in an SRW and watch it pay 


or 2000 hr. Internal resistance, 200 


for itself. Call your Friden Man or write to ohms approx; required current, 1 ma 
; . s . d-c approx. Bergen Laboratories, Inc., 
Friden, Inc., San Leandro, California. | 60 Spruce St., Paterson 1, N. J. 
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q THIS IS PRACTIMATION: PRESSURE TRANSDUCER 
2. Touch the square root key Automation so hand-in-hand with practicality 


corresponding to position of ; Model P104 pressure potentiometers 
radicand’s decimal point. there can be no other word for it. 


© 1960 FROM, imc 


te = ne 
oa > IT iden 
3. Automatically, the square 


root will appear in the dials. FRIDEN, INC., SALES. INSTRUCTION, SERVICE — a 
Time required: just seconds. THROUGHOUT THE U.S. AND THE WORLD (Continued on page 251) 
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WAGNER Polyphase 
Resilient Mounted Motors 
in ratings through 10 


Quiet, vibration-free is essential when 


motors are installed in areas where noise must be held 


performance 


to a minimum 
buildings, 


in hospitals, churches, schools, office 


restaurants and similar locations where 


quiet is needed or wanted 


Such installations have created a need for larger poly- 
phase motors that whisper while they work. Wagner 
has met this need by expanding its line of csieal 
resilient mounted motors to include 
through 10 hp 


ase 
standard ratings 


You certainly have applications that call for a smooth 
running 


To make 


motor, cushioned by resilient 


mountings 


sure they're quiet, specify Wagner Poly 


horsepower 


phase Resilient Mounted Motors. Only Wagner can 
provide an entire range of ratings through 10 hp. 


Constant research and development have kept Wagner 
up front in electric motor design for more than 65 
years... made the name Wagner one you can de- 
pend on in choosing electric motor drives. 


Your nearby Wagner Sales Engineer can help you 
select the right motor to meet your requirements. 
There are Wagner branch offices in 32 principal cities. 


Warner Flectric Corporation 
6400 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


SLEEVE OR BALL BEARING. 





Quick Break Switch. 


Efficient Cooling System 


All-Angie Operation. The sleeve Quick Connect Ter 


The starting winding is discon- improved ventilating system used in these bearing design, in fractional hp ratings, minata. Bross tobs on ter 


nected from the line by this motors 


lerge volume of air has a positive lubrication system that per- minal studs permit quick, easy 


Wagner designed switch . . . test through the motor to effectively reduce mits operation in any position can connection of leads cut wir 
proved to moke more than o temperatures and add to motor life. Cross meon important savings in motor costs ing time to speed assembly line 


million breaks. (That adds up section 


to two starts per hour for 50 
years!) 


NO 
STARTING 
PROBLEMS 


with 


WAGNER 


CAPACITOR- 
START 
MOTORS 


direction of air flow to manufacturers production. Simply press the 


lead receptacie on to the stud 
@ positive connection is assured 


Pack more power into less space...give long 
troublefree service...are easy to hook up 


Here are general purpose singh phase motors that have high starting torque and high pull in 
torque. When used in the proper application and supplied with voltage close to their rating 
they ll give positive starts every time. Troublefree operation is assured thanks to the 


positive action of the Wagner governor mechanism and long life quick break switch 


Wagner Type RK Motors pack more power into less space Small enough to fit in tight spots 
their ruggedness is built-in permits direct mounting. And, sleeve bearing fhp models can 
be operated in any position. They are available in a range from 1/6 through 5 horsepower 


with sleeve or ball bearings, and with rigid bases or resilient mounting 


these motors from leading motor distributors in your city, or from Wagner sales offices in 
2 cities across the country. Your Wagner Sales Engineer will be glad to help you select the 
right motor for your application W; illetin MU-217 gives full details on (¢ apacitor 


Start Motors 


Waakner Flectric Corporation 
6400 PLYMOUTH AVENUE, ST. LOVIS 33, MISSOUR! 





to 0-5000 psia with outputs to 75 volts, 

full scale. Size, l-in. diam x 2 in. long. 

Static accuracy, 1.5 per cent; time 

constant, 2 millisec; temperature sen- 

sitivity, less than 0.005 per cent/deg F 

from —150 to +-225 F. Operates under 

25 g to 2000 eps. Trans-Sonics, Ine.. OF HARPER'S 


Burlington, Mass. GREATER BOLT STRENGTH 
Circle 525 on postcard at end of book 


PRESSURE TRANSDUCER 


Differential pressure transducer H-137 
measures 144 square by 44% in. long. 
Available in 16 differential pressure 
ranges between +300 and +5000 psia. 
Transducers operate in temperature 


sw 
are available in eight ranges from 0-500 OG 


range from —65 to -}-125 C with case 
pressures to 10,000 psia. Standard re 
sistance value, 7500 ohm +5 per cent 
Linearity error, 1 per cent max; re 
sponse, 25 millisec for 63 per cent of 
applied step. Servonic Instruments, 
Inc., 640 Terminal Way, Costa Mesa, 
Calif 

Circle 526 on postcard at end of book 


SYMBOL INDICATOR 
Based on comparative tests of 44—13 « 4” Finished 


Series F electromagnetic indicator pro- Hexagon Head Type 304 Stainiess Steel Machine Bolts 


vides ON or OFF legends in a case 
ANOTHER BIG HARPER Cp, 
o 


which is 1" in. overall length. Dial 
normally reads orr. Application of 

Substantiated proof of Harper's great bolt strength was made by the 

Robert W. Hunt Company, in an unbiased test of Harper’s products and 

three other manufacturers. Tests showed that Harper products had 

35% greater tensile, 15% greater shear and 26% greater yield strength. 

This great strength, when added to the corrosion-resistant qualities 

~—"l,_-—soof every Harper fastening, gives you the best that money can buy. It 

means increased service life and customer satisfaction. It also means 

another Harper difference to build goodwill for you and your 

products! See the yellow pages for your nearest distributor. 


26.5 volts d-c rotates dial to on. Other 
coil voltages or legends can be ordered. 
Temperature range, —55 to +-125 C. 
Vibration, 10 g to 1000 cps; shock, 50 ; 
g for 10 millisec. E. V. Naybor Labora- FREE Heros THE H. M. HARPER COMPANY 
tories, Inc., 26 Manorhaven Blvd., Port “Thread” Brochure 8200 Lehigh Avenue * Morton Grove, lilinois 
Washington, N. Y. 

Circle 527 on postcard at end of book 


ROSETTE STRAIN GAGE ia ry ak ohn ten hen hes hs bah ones en hol ot ok ato alt oe cae 
Single-plane strain gage is quite thin ee Lt 


; 

and thus minimizes errors encountered ; . 
j 

: \, 


v 
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toledo 


wins! 
for greatest 
speed in 
commutator 
service! 


You just can’t beat the 
fast service given by 
Toledo on quality built 
commutators and collector 
rings—around the clock 
service when requested. 
That’s all we do— 
manufacture and repair 
commutators and collector 
rings—so our engineering, 
production, inspection and 
shipping are all geared to 
these products. If you 
now manufacture your 
own, forget it. You can 
save money by ordering 
from us because then you 
won't have any investment 
in equipment, floor space, 
inventory or scrap. 
Write today for further 


information. 


toledo 


commutator co. 


Owosso 6, Michigan 
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in bending measurements. Strain gages 
are available in 4% and %4 in. sizes, in 
45- and 60-deg configurations as well 
as on epoxy, paper, or phenolic mat- 
rices, depending upon intended use. 
Electronics & Instrumentation Div., 
Baldwin-Lima-Hamilton Corp., Wal- 
tham, Mass. 


Circle 528 on postcard at end of book 
MAGNETIC AMPLIFIER 


Linear magnetic amplifier Type 4511 
for instrumentation work is compati- 
ble with such low-level transducers as 
photocells, shunts, strain gages, ther- 
mistors and thermocouples. Output, 
+10 volts d-c in response to signals 
of +50 pamp d-c, with linearity of 


+1 per cent in this range. Nominal 
termination load, 2000 ohms. D-C out- 
put is pulse-width modulated series of 
pulses with basic 6-kc repetition rate. 
Package consists of d-c to a-c static 
converter and double-ended center-type 
magnetic amplifier which is excited by 
converter. Control Div. of Magnetics 
Inc., Butler, Pa. 

Circle 529 on postcard at end of book 


HIGH-TEMPERATURE 
SERVO-AMPLIFIER 


Model A419 amplifier drives servomo- 
tors up to Size 15, providing 6-watt 
output under ambients from —55 to 
-+-150 C. Input is 115 volts, 0.13 amp, 
400 cps. Servo-amplifier usually used 
with direct-coupled, center-tapped ser- 
vomotor. Amplifier has two inputs with 


OTR LO a Ee 
the Least Expenscue 


sharp, clear, 
easy to read 


Rubicon D.C. 
spotlight 
galvanometers 


Now in a smartly designed 
new case... the galvanometer 
that’s become the standard in 
research and production test 
ing applications. It is excep- 
tionally sensitive and stable, 
and built to withstand the 
rigors of day-to-day service in 
the laboratory and on the pro- 
duction line. 


® Sharp, parallax-free, hair- 
line index. 

® Ground glass scale with 
sharp, clearly defined divisions. 
® Dual 120mm. scale, sub- 
divided 0-120 and 60-0-60. 
Simple lever moves index to 
either zero position. 

@ Final adjustment made with 
knurled thumb screw, spring- 
loaded to eliminate backlash. 
® Can be used for both deflec- 
tion and null measurements. 


There’s a complete line of 
Rubicon D.C. spotlight gal- 
vanometers. For complete de- 
tails, contact your nearby 
Honeywell Branch Office, or 
write to MINNEAPOLIS8S- 
HONEYWELL, Rubicon Instru- 
ments, Philadelphia 32, Pa. 


th 
' ERING THE FUTURE 
YEAR 


Honeywell 
[| Fist in Conttal 


Since teee 
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ES eS Se ee eee eee eee 


REPORT FROM 


MAGNET 
a3 


Here's how Essex can help you 


solve your magnet wire problems with 


VNuc¥. CUSTOMER APPLICATION SERVICE 


SX Technical Reports give thorough coverage of 
physical properties and applications of magnet wire 
types. Keep you abreast of progress and development 


Testing Facilities support research at SX as part 
of a complete system giving you assistance on any 
magnet wire problem, whether it concerns product 
or application. A library of specifications are avail- 
able in our laboratories for your use. 


Research and Development at SX helps you by 
keeping its eyes on the future. There is continuous 
development of improved insulating materials and 
processes. Such technical progress serves you with 
constantly improved magnet wire. 


Field Help on the Job by experienced SX sales and 
technical staff is the final step in Essex Pius-4 service 
to help you solve application problems at a saving. 
Seminars and symposiums also keep you abreast 
of latest developments. 


For Mus 4 application service consult your Essex Magnet 


Wire salesman, or write direct stating your problem. 
MAGNET WIRE DIVISION, Essex Wire Corporation, Fort Wayne, Indiana 


MANUFACTURING PLANTS: Anaheim, California; Fort Wayne, Indiana; and Hillsdale, Michigan 
National Network of Warehouses and Sales Offices ...Cali Your Local ‘‘Essex Man"’ 
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CLASS H UNSUPPORTED TAPES 

@ GUIDELINE self-adhering, triangular tape with col- 
ored line at apex for guiding overlapping layers. 
Tape has on interliner and requires no heat for 
bonding adjacent layers. Also supplied in rectang- 
vlar form without center line. 


CLASS H SUPPORTED TAPES ice, Wallet. In 
@ Cured Tapes: Silicone rubber cooted tapes in 11277 M cd a . , 
many variations of thickness, silicone compound and | one - assachusetts Ave., Los Angeles 
base fabric. | 25, Calif. 
Semi-Cured Tapes: A semi-cured silicone rubber Circle 530 on postcard at end of book 


coating on glass or other fabric. Tape hes no inter- 
MAGNETIC AMPLIFIER 


liner ond heot is required to bond multiple layers 
of tape. Tape con be supplied coated on one side : : 
Series of servomotor magnetic ampli- 
typified by Model 224 


or two sides. Ais 
Self-Adhering Tapes: A self-adhering silicone hers are 
rubber coating on gloss or other fabrics. (illustrated), which drives standard 
TEMP-R-T APES: 3.5-watt, Size 11 servomotors from un- 


© Pressure-Sensitive Tapes: Thermal curing topes 
with backings of Tefion® glass fabric and silicone 
coated gloss fabric— all with silicone adhesive. 
Available from stock. 


For additional data, we invite your inquiry. 


ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


(Gaia CONNECTICUT HARD RUBBER CO. 


*duPont TM Main office: New Haven 9, Connecticut 
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the answer to 
that tough Switch Problem ! 


gaTllé pe 
Ve BERT equi 


A “pile-up” of various contact springs, insulators, con 
tacts, etc., that can be custom-designed into your equip 
ment. Can also be manufactured to your particular 
specifications 
Now being used in Tape Recorders, Remote TY Control 
Units, Juke Boxes, Electronic Organs, and innumerable 
other products requiring dependable switching 
Write for Catalog $-304. Contains a list of parts that 
can be made from standard tools, to enable you to 
design a particular Switch to suit your needs 

5539 N. Elston Ave 


SWITCHCRAFT, INC. 2322, "9" 


BOOTH NO. 111— MARCONI HALL 
NATIONAL ELECTRONICS CONFERENCE 
HOTEL SHERMAN, CHICAGO, OCT. 10-11-12 
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“MAGNET 


regulated 115-volt 400-cps power. Less 
than 1.0 ma of d-c signal required for 
full motor torque. Acromag, Inc., 22515 
Telegraph Rd., Southfield (Detroit), 
Mich. 

Circle 531 on postcard at end of book 


SERVO POWER SUPPLY 


H3900-01 


source for use 


supply is a compact d- 
with solid-state ampli 


fiers and small servos Input, 115 volts 
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REULAND MOTORS 


“Molded Horsepower’ to fit your equipment 


...M0 longer must you “make something do!” 


Just as a famous artist molds each illustration to his need... 
so, too, can you now have an clectric motor exactly tailored to 
the needs of your equipment. Not just another motor that can 
be “made to fit" but a complete power package with all desired 
electrical and mechanical characteristics built right in. 

Reuland “Moided Horsepower” is a natural outgrowth of the 
famous “Xpandable” design idea originated by Reuland many 
years ago. Through this technique, motors, brakes, fluid 
couplings, gear reducers and similar devices are available in 


an almost unlimited number of combinations all standard 


MODERN POWER FOR MODERN-DAY PRODUCTS 


.. all in lightweight, cool-running aluminum frames! 


REULAND MOTORS <2>- 


“LU TEMBER 1% 


units assembled within a single frame and tailored to your 
specific application. 

Only Reuland offers such a wide background of experience in 
tailored power packages. No wonder Reuland is also the 
“number one™ supplier to many of the top original equipment 
manufacturers in America! 


Our new 8-page 
catalog, No. GS8-30-0, 
will come in handy 
Sent complete with 
prices and engineering 
drawings on request. 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: Alhambra, Calif. 
EASTERN DIVISION: Howell, Mich. 
Distributors in all principal cities 
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Many vears of sound engineering 


and field testing are br 


; 


Saale 
advanced design of 


Electric products, 


into the 
there 


To oe ret: 


the le-eding motor controls 


" ’ ‘ 
on the market toda 


at! 
tei 


ye ior on xan and © 


Sales Representatives 
n All Principal Cities 


BATAVIA, ILLINOIS 


J 


MAGNET ASSEMBLY 


iu 
. 


THERMAL OVERLOAD 
RELAYS 


CONTACT BLOCK 


Fe 


CROSS ARM 
ASSEMBLY 
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400 cps. Three outputs are 29 volts d-c 
at 300 ma unregulated, 24 volts a-c at 
4 watts, and 24 volts a-c at % watt. 
Kearfott Div., General Precision Inc., 
1150 McBride Ave., Little Falls, N. J. 

Circle 532 on postcard at end of book 


SOLID-STATE 
POWER SUPPLY 


Model PS 202 (illustrated) d-c supply 
has a dual output up to 150 ma at +18 
volts or a single output at +36 volts. 
Line and load regulation is +1 per cent 


with less than 6 millivolts of ripple. 
Unit is 8 x 3 x 3 in. 

Model PS 206 is a d-c supply pri 
marily used as a reference source. Line 
and load regulation from 95 to 135 
volts a-c input is 0.1 per cent with 
continuously variable d-c output of 2 
to 24 volts from 0 to 100 ma. Solidyne, 
7460 Girard Ave., La Jolla, Calif. 

Circle 533 on postcard at end of book 


MINIATURE HIGH-VOLTAGE 
SUPPLY 


“Varia-Volt” supply is a hermetically 
sealed static supply, operated from as 
low as 1.3 volts and capable of pro- 
ducing any range of voltage in sepa- 
rate, standard units, from its initial 
input voltage to 20,000 volts. Applica- 
tions include radiation counters; ioni- 
zation chambers; infrared, solid-state 
and vacuum-tube detectors; oscillo- 
scope supplies. Power supply can func- 
tion from 1.5 volts d-c, at 3 volts, or 
from 6 to 28 volts d-c. Supplies are 
approximately 1 in. in diameter, 3 in. 
long and plug into standard 7-pin 
sockets. Provision is made to adjust 
output over wide range without loss 


ELECTRICAL MANUFACTURING 





Characteristics of 
2 outstanding 
Du Pont insulations 


These Du Pont insulating materials represent a 
remarkable range and balance of electrical, 
thermal, chemical and mechanical properties 


Insulation of ““Armalon"’** TFE-fluorocarbon- 
resin-coated glass fabric may be used continu- 
ously at 482°F. or for short periods at some- 
what higher temperatures. It maintains its 
superior properties throughout long exposure 
to high temperature as shown in the chart be- 
low. For full information on this outstanding 
Class H insulation, check the coupon. 


Blectric Strength vs. Time Aged ot 375°C. (707°F.) 
a, SE A Te - oe 


4 md whcame varied gion feb« 


ARMALON’ 


GENERAL PROPERTIES 
Unusual heat resistance 


Mechanical strength and extreme 
toughness 


Low flow under heat and pressure 


© Excellent electrical characteristics 
over a wide range of temperatures 
and frequencies 


High degree of chemical inertness 


Excellent anti-adhesive, non-stick 
properties 


Low water absorption 
Outstanding flame resistance 
Note 


SPECIFIC PROPERTIES* of single ply 


Dielectric strength (%«” electrode 
Surface arc resistance, sec. 


Dielectric constant 
60 cycles 
1,000,000 cycies 


Volume resistivity, ohm-cm 
room conditions 
300°C 


insulation resistance, ohms 
(96 hrs. @ 90% R.H., 25°C) 


Breaking strength, ibs./in. of width, 
warp 


> 40 > 0 


~ come in rolls or 


Standard singie-ply constructions — available in 4, 5, 8, 10 mils, also 
sheets 4" to 38” wide; laminates in rolls or 13” x 17” Sheets—6& to 25 mils thick. 


“Lecton”’** acrylic-resin-coated glass fabric is 
a superior insulation of moderate price for her- 
metic and Class B applications. It can be used 
continuously at 270°F. and intermittently to 
310°F. Chart below shows how “Lecton” main- 
tains its electrical strength as the temperature 
rises. For full information on this outstanding 


LECTON’® 


GENERAL PROPERTIES 


Good heat resistance a — (%” electrode) 


@ 


Mechanical strength and extreme 
@ 130°C 


toughness 
Dimensional stability (a 


Good retention of electrical Surface arc resistance, sec. 


SPECIFIC PROPERTIES* of single ply 


25°C after 4 days at 90% R.H 


3 mils} 7 mils | 14 mils 


> 800 
> 600 
700 
180 


600 
500 
550 
180 


characteristics to 310°F and under Volume resistivity, ohm-cm 
high humidity conditions @ P 


@ 130°C 
@ 25°C after 4 days at 90% R.H 


Breaking strength, Ibs. /in.. average, W X F 
Straight 
bias-cut 


Class B insulation, check the coupon. 


Electric Strength Vs. Temperature 
fasted asl Sve 


10" 
10" 
10% 


10 
10"2 
10"* 


Highly resistant to most solvents, 
transformer oils, fluorinated 
hydrocarbon refrigerants 


250x250 eeeeisy 
— 


140x120 
55 


’ Modest price 
f — = Elongation at rupture, % 
straight 
bias-cut 35 


= 

. pee : Good resistance to nuclear radiation 
ad * | 

7 


Note: Standard single-ply constructions — availabie in 5, 10 mils, also — come in rolls or sheets 
Ye" to 60” wide; 7 and 10 mils offered both straight and bias-cut. Laminates supplied in 


rolls 20 and 30 mils thick, and in 18” x 18” sheets .060”, .072”, or 3/32” thick. 


*Derived from standard testing methods. These data are a guide to properties and 


Fully illustrated booklets de- 
scribe properties, test data 


FREE and uses for the superior 


Du Pont insulating materials... Mail cou- 
pon or write Du Pont for your free copies 
..« there's no obligation. 


aU PONT 


RC6.u. 5. pat. Off 


Better Things for Better Living . 


through Chemistry 


are not to be regarded as specifications. 


**Du Pont's registered trademarks 


oP ROCHE OCHO Ee 


E. I. du Pont de Nemours & Co. (Inc.) 
Fabrics Division, Dept. By-o9, Wilmington 98, Delaware 


Please send FREE information on: 
[) ARMALON [) LECTON 


Name 
Company 
Address. 


City. Zone 


Position 


ND ccinctncncieticaniaai item 
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OUTPUT 


AND 


SQRITHMET! 


In modern digital computers 


PERFORMANCE IS THE PAY-OFF 


A big, modern digital computer may cost as much as $10-million to buy outright. 
Even rental may run as high as $50,000 a month. 

With money like that involved, computer-makers can’t take a chance on sub- 
standard components. They want, and get, the best components .... the best re- 
sistors. Where wire-wound power resistors are required, they frequently specify 
Ward Leonard VITROHMS. 

There’s another reason, too, why computer manufacturers want only the best: 
They’re shooting for 99.99 ...% statistical reliability of components, and the more 
“9’s” the better. Computer components — say, resistors —are numbered in the 
tens of thousands, and they have to have this kind of performance to get 99.8% 
reliability in their final product. For this reason, computer makers insist on, and 
get, performance—as continuous and reliable as the state of the art permits. And 
again, where wire-wounds are required, they are likely to specify Ward Leonard 
VITROHMS. 

If you want maximum quality and maximum reliability in your product, fol- 
low the lead of outstanding digital computer manufacturers—like IBM, Remington 
Rand, and Burroughs—and specify W/L VITROHMS. You'll find full information 
in catalog D130. Write for your copy, and the name of your nearest VITROHM 
distributor, today. Ward Leonard Electric Co., 34 South Street, Mount Vernon, 
New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) os 


RESULT-ENGINEERED CONTROLS SINCE 1892 


4 
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fw) WARD LEONARD 
(i) ELECTRIC COeu= 


RESISTORS « RHEOSTATS « RELAYS « CONTROLS « DIMMERS 


of stability or increase in ripple. Other 
units provided with positive regulation 
providing better than 2 per cent for 
various load requirements. Victory 
Electronics, Inc., 50 Bond St., West- 
bury, N. x 
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SOLID-STATE INVERTER 


Model KB inverter that converts 2% 
volts d-e to 400-cycle power will deliver 
up to 55 va with less than 2 per cent 
total harmonic distortion. Power sup 
ply is suited for driving a-c motors, 


gyros, magnetic amplifiers and similar 


devices. Frequency stability to 0.2 per 
cent available. Both 
voltage are stable with variations of 
factor from 0.1 to 1.0. and 

55 to , 71 c. ne 

Arnold Magnetics 
Jefferson Blvd . ] aye 


frequency and 


power 
temperature from 
load to tull-load 
Corp., 6050 W. 
Angeles 16, Calif. 
Circle 535 on postcard at end of book 


MINIATURE TOROIDS 


Toroidal inductors MM-5 through MM-8 
and MH-5 through MH-8 are designed 
for medium and high frequencies and 
adjusted to a tolerance of +2 per cent 


They are ideal for transistor and 


3 Oo 3 00 

FREQUENCY: KC 
printed-circuit applications, and com 
ply with MIL-27A Type TF5RX20Z7 
Molded cylinders measure “4 in. in 
diam by “% in. high. Type MM-5 
(illustrated) inductance is 20 mh at 
20 ma d-c max; other miniature types 
have inductance values from 0.6 to 
120 mh. United Transformer Corp., 150 
Varick St., New York 13. 

Circle 536 on postcard at end of book 


ENCAPSULATED CHOKES 


Two types of encapsulated chokes con 
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Newly improved 


J-M Asbestos Ebony: 
offers better 
electrical properties 


PANEL SHEETS 

FOR 

SERVICE TO 1200 VOLTS 
HAVE 

GOOD MACHINING 
CHARACTERISTICS, 
SMOOTH, EBONY -LIKE 
SURFACE 


The good volume resistivity of As- 
bestos Ebony, parallel to sheet faces, 
provides a comfortable margin of 
safety for electrical apparatus in 
service up to 1200 volts. Now newly 
improved, it offers an even more de- 
pendable insulation in switchboards, 
controller plates, switch bases, bus- 


SEPTEMBER 1960 


bar supports, and as an insulating 
spacer in many types of electrical 
equipment. 

Asbestos Ebony machines more 
easily, gives a finer appearance than 
other similar products. Panels have 
an attractive appearance, with a 
smooth, ebony-like surface. 

Even under severe service condi- 
tions, Asbestos Ebony does not de- 
laminate, shrink, crack, rust or cor- 
rode. It is unaffected by water .. . 


oil... gas... most common chemi- 
cals ... and rapid temperature 
changes below its 250 F limit. 

J-M supplies Asbestos Ebony in 
large sheets up to 48” x 96”... or in 
panel form fabricated to your blue- 
print specifications . . . and in thick- 
nesses ranging from ',.” to 4”. For 
complete information, see your J-M 
Distributor. Or write to Johns- 
Manville, Box 14, New York 16, N. Y. 
In Canada: Port Credit, Ontario. 


JOHNS MANVILLE 


JOHNS-MANVILLE 


AN INSULATION FOR EVERY COMMERCIAL 
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Poi 


NEW 


STEPPING 
SWITCH 


pao 


COMAR 
TYPE ACS 


* Economical 
* Compact Size 
* Easily Mounted 


Designed for sequence controlling, counting, total- 
izing, scanning and information storage. Modifications 


available for a variety of switching applications. 


SPECIFICATIONS: Operating voltage up to 230 V.A.C.; 
Voltage range, —15% to +10% of rated voltage; Operating 
speed, 300 ppm.; Nominal power, 20 volt-amperes A.C. 

minimum; Contact combinations available, 2, 3, 4,8 or 12 
single pole continuous rotation, for shorting or non-shorting 
steps; Rating, 1 ampere at 115 V.A.C.; Insulation tested 
at 1000 V.R.M.S.; Impregnation to specifications. 


Send for complete details! 


omar _ 
ectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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taining Ferroxcube ferrite shielding 
beads have large values of r-f reactance 
and resistance in hf and vhf regions for 
broadband isolation and decoupling. 
Tubular type utilizes coaxial leads; 
rectangular transistor-module type has 
both leads projecting from one side. 
They are color coded and meet MIL 
standards. Magnetic Products Div., 
Stanwyck Winding Co., Inc., Box 70, 
Newburgh, N. Y. 

Circle 537 on postcard at end of book 


TRANSFORMERS AND 
INDUCTORS 


Line of transformers, filters and induc- 
tors is called Pico Tran, Pico Filters, 
Pico Ductors and Pico Coils. Typical 
of miniature units is precision induc- 


tor for delay lines or filters with in- 
ductance of 13 microhenrys +1 per 
cent. Q is 125 at 2.5 mc; temperature 
stability, inductance constant within 
+0.5 per cent over —20 to -+-75 C; 
epoxy encapsulated; size % x %4 x %4 
in.; shielding is provided by closed 
magnetic circuit. Polyphase Instrument 
Co., E. Fourth St., Bridgeport, Pa. 
Circle 538 on pustcard at end of book 


ULTRAVIOLET PROTECTION 


Insulating and protective coating Humi- 
Seal X-242 absorbs ultraviolet radia- 
tion and has good electrical and weath- 
er-resistance properties. Fast-drying 
coating becomes tack-free within 10 
min and may be used in manufacture 
of semiconductor devices affected by 
ultraviolet rays from fluorescent lights. 
Operating temperature, 130 C. Electric 
strength, 1700 vpm; dielectric constant, 
3.2; volume resistivity, 10'° ohm-cm; 
refractive index, 1.477. Columbia Tech- 
nical Corp., 61-02 Thirty-first Ave., 
Woodside th N. ne 

Circle 539 on postcard at end of book 


SPRAY-APPLIED 
VINYL FINISH 


Line of finishes includes both disper- 
sion and “lacquer” types with smooth 
or textured surfaces. Available in 
various pigmentations, including metal- 
lic. Finish may be applied to primed 
steel, primed aluminum or phospha- 
tized metals in one-coat thicknesses 
from 1 to 12 mils. Metal & Thermit 
Corp., Rahway Ave., Rahway, N. J. 
Circle 540 on postcard at end of book 


PROTECTIVE 
METAL COATINGS 


Six finishing processes have been added 
to the manufacturer's line. Three of 


ELECTRICAL MANUFACTURING 





omni GLOW 


ADD GLOW TO THE 
LIFE OF YOUR PRODUCT 


OMNI-GLOW Pilot Lights are 
designed for up to 25,000 
hours of operation—providing 
glow for the life of your 
product. OMNI-GLOW is easily 
attached to panels of any 
thickness by a vibration-proof 
speed nut—combining 
permanent fool-proof mounting 
with production economy. 
Ruggedly constructed to with- 
stand rough duty service, 
OMNI-GLOW is available in a 
variety of styles to meet your 
design requirements. Write 
today for a sample and 
detailed catalog. 


Fast, simple, permanent mounting 
through single V2” panel hole. Speed- 
nut supplied for tool-less attachment 


WRITE FOR COMPLETE TECHNICAL MANUAL 
AND OMNI-GLOW CATALOG... 


industrial Devices, Inc. 
EDGEWATER 11, NEW JERSEY 
Circle 260 on Inquiry Card 


different 
motorized 
Saul mem oth hao 


available from stock 


Yes! 956 different combinations of Perfection Motorized 
Worm Gear Speed Reducers are available for immediate 
delivery, from stock. Ratios range from 5 to 1 to 60 to 1, 

isies from 4% H.P. to 5 H.P. 


our new 
No. M-140. 
Licensed under Pat. 2,268,431 


AMERICAN STOCK GEAR Division 


PERFECTION GEAR COMPANY HARVEY, ILLINOIS 
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MOTORS 


a. SL trea 4000 Items in Stock 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 


below.) All fully stocked for pick-ups or 


Nae 
at Lak 


24-hour shipping service. 


SALESMEN at each office available for 


EXHAUST FANS 


UMMM TAILS 
Ha MeL IS 
SM a aN AS 


ara 


aU a ett 


a as buyers. 


help and guidance. 


WHOLESALE ONLY. Free net price 
catalog sent only when requested on 
letterhead. No consumer requests hon- 
ored. O.E.M. prices available for quantity 


188 PAGE CATALOG and buying 
guide. Includes detailed descriptions 
on over 4000 items. Lots of technical 
and application data. Request your 
free copy. 
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Latest additions to the large, fast- 
growing MPB family are ultra-preci- 
sion R2, R3, and R4 instrument 


To their many familiar applications 


announces... such as computers, servos, synchros, 
3 new R's of gyros and generators, MPB’s R Series 


Ay pe bearings bring quieter performance, 
instrument longer life and reduced friction — the 
g results of MPB’s advanced production 
bearings techniques, thorough quality control 
and constant emphasis on precise, 

accurate bearing geometry. 


2 


Basic material for the R Series is 440C 
stainless steel. A new type ribbon re- 
tainer, for low uniform torque, is 
available, as are duplexed mountings 
and preloaded pairs. ABEC Class 7 
tolerances maintained in all types and 
sizes. Standard dimensions are 


Find out now how MPB bearings and 
technology can benefit your products. 
Call your MPB Sales Engineer or write 
for information. Miniature Precision 
Bearings, Inc., 509 Precision Park, 
Keene, N. H. 


ME-B Helps you 


perform miracles in miniaturization 


Circle 263 on Inquiry Card 


these formulations are [ridite chromate 
conversion coatings for non-ferrous met 
als such as zinc, cadmium and cuprous 
alloys. Two are new brightening ad 
dition agents for zinc plating baths 
One is an addition agent with a high 
tolerance for impurities for semi-bright 
copper plating solutions, Allied Re 
search Products, Inc. 4004 FE. Monu 
ment St.. Baltimore 5, Md 

Circle 541 on postcard at end of book 


VISCOELASTIC 
DAMPING COMPOUND 


Viscoelastic material is sprayed or 
trowelled onto metal plate to reduce 
structurally borne noise and vibration 
Compound renders metal plate almost 
equivalent to critically damped struc 
ture, as exhibited by low resonant 
magnification under vibration and 
imperceptible ringing under shock 
“Vibrodamper™ compound dries to a 
smooth finish, is non-toxic and non 
flammable (also available in fire 
resistant form). Resistant to alkali 
grease, gasoline and aliphatic oils and 
is unaffected by ozone or sunlight 
Korfund Co., 48-77T 32nd Place. Long 
Island City 1, N. Y 

Circle 542 on postcard at end of book 


PRINTED-CIRCUIT 
BOARD COATING 


TC-3047 flexible coating and vibration 
damping resin seals and reinforces 
components, absorbs negligible mois 
ture and will not support fungus. Epoxy 
ean be brushed on beard in thick 
nesses of from 2 to 20 mils in one ap 
plication. Electric strength, 1000 vpm 
in 5 to 10-mil thickness. Malfun 
tioning components can be replaced 
or repaired easily. Chemical Div 
Electronic Production & Development 
Inc.. 501 No. Prairie Ave.. Hawthorne 
Calif. 

Circle $43 on postcard at end of book 


MOLDING COMPOUND 
REINFORCEMENT 


Fiberglas chopped strand (Type HSI 
with high strand integrity, for rein 
forcing pre-mix type molding com 
pounds, provides a homogeneous mold 
ing material which results in greater 
uniformity of finished parts. Designed 
for use in compression molding, espe 
cially in molding of large-area, thin 
wall moldings in the equipment and 
appliance industries. Reinforced Plas 
tics Div., Owens-Corning Fiberglas 
Corp., 717 Fifth Ave.. New York 22 
Circle 544 on postcard af end of book 


PHENOLIC MOLDING POWDER 
Fast-curing phenolic molding powder 
GE12956 may be used to produce cams 
electrical blocks and contact covers, 
lamp sockets, switch covers, handles, 
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- 
New key to better electronic design...from 3M.. S where research is the key to tomorrow 
e 


Meee UT Cay 
pressure-sensitive 
AAR t 
Ba) Cm gee): 
ever...only 1 mil 
Ue) || 
“Scorch” Brand eectricl ape no.x1n3 =A EW product of 


is specifically designed for insulating all 


fine-wire components. Non-corrosive; high 3M Research! 
s 


electric strength; very good mechanical 
strength; highly conformable with minimum 
build-up. Write for complete information: 
3M Co., 900 Bush Ave., St. Paul 6, 

Minn., Dept. EAP.90. 


8 NADA: LONDON, ONTARIO 


Electrical Products Division Minnesota Mitmine ano \fanuractunine on ED 


+++ WHERE RESEARCH tS THE KEY 70 TOMORROW 
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IS FINDING THE RIGHT TIMING DEVICE YOUR PROBLEM? 


Call in the Man from Bristol Motors! 
He talks your language—knows how 
to meet your needs and problems. 
Whether you require a standard 
motor, a modification of a standard, 
or a new design, Bristol experience 
can be counted on to give you quick 
delivery of the timer best suited to 
your needs. A wide torque range is 


available—speed ranges from 1800 
rpm to 1 rp month! You can get vari- 
ations in shaft length, voltages, shift 
and brake action and other special 
features for your specific needs. For 
dependable, economical synchro- 
nous timing in industrial control and 
instrumentation—ask for the Bristol 
Motors Representative in your area. 


Write for new Catalog 160. 


BRISTOL@ MOTORS 


Division of Vocaline Company of America, Inc. 
210 Coulter Street, Old Saybrook, Conn. 
Dept. EM-9 
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fan-motor housings and electrical re- 
ceptables. Typical curing rate reduc- 
tions range from 15 to 35 per cent over 
previously used materials. Powders, 
manufactured in standard industry 
flows and to 14-mesh grind, are avail- 
able in pre-heat black, cold-powae: 
black and two-way brown. Chemical 
Materials Dept., General Electric Co., 
1 Plastics Ave., Pittsfield, Mass. 

Circle 545 on postcard at end of book 


CERAMIC PARTS 


Miniature ceramic parts within tol- 
erances of +0.001 in. can be supplied 
by manufacturer. Part illustrated is 
made of alumina ceramic with webs 





held to +0.001 in. Parts can be made 
with comparable precision in any of 
several AlSiMag compositions. Ameri- 
can Lava Corp., Chattanooga 5, Tenn. 


Circle 546 on postcard at end of book 
RAPID-CURING EPOXY RESIN 


“Maraglas” crystal-clear Resin 655 
has and faster cure, greater 
resiliency and higher impact strength 
than previously. Temperatures as high 
as 180 F can be for curing 
relatively small objects. Material can 
be cured to Rockwell hardness between 
M 50 and M 100. Embedment of 
large objects is facilitated by resiliency. 
High-impact end products made from 
resin have good weather resistance and 
do not craze or become brittle. Thermo- 
setting resin provides 90 per cent light 
transmission. Among uses are bonding 
glass to glass, making models, elec- 
tronic encapsulations, etc. Marblette 
Corp., 37-31 Thirtieth St., Long Island 
Giey 1, Xx. T. 

Circle 547 on postcard at end of book 


HEAT-REACTIVE TUBING 


easier 


used 


ScotchTite transparent vinyl tubing, 
Style 3025, shrinks under heat to 
provide a tight covering for either 


symmetrical or gently contoured shapes. 
Special colors available on order. Ma- 
terial shrinks in 8 minutes at 300 
deg F. Available for application on 
objects ranging in size from “jj to 5 in. 
OD. Electrical strength, 1000 volts in 
0.016-in. wall thickness; tensile 
strength, 3200 psi; ultimate elongation, 
300 per cent; cold brittle point, —20 C. 


(Continued on page 266) 
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\ Materials 
\~ Components 


\ Equipment 


High Voltage Breakdown 

HYPOT Test Sets with outputs from 5 kv to 
150 kv and up. Test wire, cables, transform- 
ers, motors and components to ASTM and 
Federal specifications. Write for manual 


Insulation Resistance 

VIBROTEST Megohmmeters have direct read- 
ing ranges to FIVE MILLION Megohms. Self 
cot.tained electronic power supply eliminates 
cranking and leveling. Write for manual 


Insulation Materials Tester 

Interchangeable test fixtures for tape, plastic 
sheet, film, tubing, porcelain, clot and var- 
nishes. Models provide 35 kv and up for test 


Insulating Oils Tester 
Dielectric strength testing of insulating liquids 
to ASTM specifications. Rapid, simplifed 


Mobile HYPOT for test 
ing heavy duty electrical 


equipment 





reas Tester 





operation. Automatic rate of rise costrol -s 
optional 

Arc Resistance Tester 

Tests ability of insulating materials to resist 


ares in accord with ASTM and Federal 
specibeations. Complete with electrode assem Tester provides 0-35 kv 
bly and specimen holder at 2kee 


Write for Manual J-67 


ASSOCIATED RESEARCH, 
10-35.21 OF Fe settee 





3794 W. Beimont Avenue e Chicago 18. Ilinors 
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there are MOORE 
SET SCREWS 


exactly right for any job... 
and you can get them FAST 


TITTITiaaL 


Dependable delivery — ample pro- 
duction capacity assures that you get 
any order, large or small, on schedule. 


Uniform high quality — modera 
equipment and methods and rigid 
quality control guarantee precision 
quality. 


Advice of specialists — expert engi- 
backed 


neering assistance, by 80 years Moore set screws simplify design, 
of experience, is available to help purchesing, production. Send for 
solve problems. price cotaleg. 






SET SCREWS on Se 
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INSULATION TESTING 


Engineering * Production * Maintenance 


Mode! 4501 HYPOT Mate 
Meee D109 
ete., ASTM specihoat ons 


Medel 4505 HYPOT (hi 


C2 


G0 hO2; 8 2m George W. Moore, Inc. 


Circre 204 On inguMHy vere 


85 Beaver St., Waltham 54, Mass, 


B clearance hole (supple- 


«909 


HIGH BRIGHTNESS ond REGULAR TYPES 


(Front mtg., 15/32”) 


1-2 


DIALco’s Sub-Miniatures 
use tiny T-2 Neon Glow 
Lamps: NE-2J (High 
Brightness) at 105-125 V., 
A.C.; oF NE-2D (regular) 
at 105-125 V-, A.C. or D.C. 


EW Series mounts from | 
 RONT of panel in 15/32 


No. 137-8536-931 ra! 
(Front mtg., 17/32”) i 


nts 17/32" Series). 
‘Also—units for mounting 
from BACK of panel in 
15/32" clearance hole. — 
Unique lenses 1 5 colors; 
give all-angle oon P 

nits are fully insula : 
om applicable Mil. Specs- 


Ask for Brochures 
L-159B and L-162. 


ual size) 


| No. 145-5036-991 


(Back mtg., 15/32”) 


(Iilust. approx. at 


|v) TN EG e) 
_ fj INCANDESCENT 


2-TERMINAL and 1-TERMINAL TYPES 


Designed for use with 
T-1 a flanged 
incandescent lamps— 
1.3 V.to 28 V... 
een mounts 
rom ONT of li 
pated clearance ites 
supplements 17/32” Serj 
se Bie for mount- av 
ing from BACK of i 
15/32” clearance — " 
Unique lenses in 7 colors. 
Units are fully insulated; 
meet applicable Mil. Specs, 
Ask for Brochures L-156C 
thru 159B, and L-162. 


1-Terminal Pilot Lights 
For use on grounded 
circuits. Mount in 13/32” 
or 15/32” clearance oy 
hole. Binding screw 

or soldering terminal. 


SAMPLES ON REQUEST—AT ONCE-—NO CHARGE 


No. 134-3830-375-7 
Spring-mounted Lens-with- 
Message is rotatable. 


(Front mtg., 13/32”) 





44 STEWART AVE., BROOKLYN 37,N. Y. @ HYacinth 7-7600 
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THERMOSTATIC. GIMETAL 


ACTUATES ANOTHER PRECISION PRODUCT ... 


THE VA i 


product OF 
A \ COLUMBUS ELECTRIC 
MANUFACTURING 
COMPANY 
| COLUMBUS, ONIO 
j 5 


UU RL PEI 


FIXED END 


Warm air, just the right amount; warm air, just the proper 
temperature—that's what you expect from your automatic heat- 
ing installation. That's exactly what you get, when the installa- 
tion includes a new CEMCO Combination Control. The new 
Combination Controls—medel numbers CTC-100-1A and CTC- 
100 (shown above)—are the results of years of manufacturing 
and engineering experience and are outstanding performers in 
their field. Both models are single element helix bimetal type 
with adjustable fan and limit settings. Model CTC-100 features 
@ summer fan switch, which allows manual fan contro! in 
summer. The fan side range is from 80° to 170°; the limit side, 
130°-250°. The expected life is 100,000 actuations minimum! 
The helix bimetal actuator is rugged, precision made Chace 
Thermostatic Bimetal. 


When the manufacturer says, “material, quality and workman- 
ship are not exceeded anywhere in the temperature contro! 
industry,” he shows extreme confidence in Chace Thermostatic 
Bimetal. And well he might . . . Chace has been developing and 
producing precision bimetal and only precision bimetal for more 
than 30 years. Any manufacturer can be sure his valuable 
name is safe on the outside of his product with Chace Thermo- 
static Bimetal on the inside. 


R NEW 
INFORMATION 


W. M. CHACE CO. 
SEAT Tee ev om elt Votl's 


1608 BEARD AVE., DETROIT 9, MICH. 
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Irvington Div., Minnesota Mining and 
Manufacturing Co., 900 Bush Ave., St 
Paul 6, Minn. 

Circle 548 on postcard at end of book 


SPAGHETTI TUBING 
AND MONOFILAMENT 


Penntube Ul] tabing and monofilament 
are extruded from a tough, clean, 
modified, trifluorochloroethylene pol 
ymer with the advantage of heat 
sealability. Available in monofilament 
down to 0.008 in. and tubing in AMS 
$648 sizes. Penntube is impermeable 
and resistant to all inorganic corrosive 
liquids including oxidizing acids and 
most organic solvents. Pennsylvania 
Fluorocarbon Co., Inc., 1115 No. 38 St 
Philadelphia 4. 

Circle 549 on postcard af end of book 


WIRE AND CABLE TIES 


“Insuloid Strapping” system consist 
of two components, a high-grade PVC 
plastic belt (with spaced mounting 
holes) and a stud-like insert (resem 


bling the old collar button). Installers 
wrap strap around wire or cable run 
to be held, and “snap in” a stud 
Electrovert, Inc., 124 E. 40 St.. New 
York 16. 

Circle 550 on postcard at end of book 


DUCTILE PERMANENT- 
MAGNET ALLOY 


“Cunife” copper-nickel-iron alloy pos 
sesses high coercive force and energy 
product values as well as excellent 
ductility, malleability and machinabili 
ty. Timer motors for major appliances, 
speedometers, aircraft instruments, 
electronic equipment and control sys- 
tems are among products in which 
permanent-magnet alloy can be used 
Cunife available as finished magnets 

(Continued on page 269) 
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ALLEN-BRADLEY 


OILTIGHT 


Pressure Switches 


provide consistent accuracy 
and maximum reliability 


These rugged Allen-Bradley Bulletin 836 Style T oiltight pres- 
sure switches are specifically designed to take the punishment 
of hard, day-in and day-out industrial use. The die-cast alumi- 
num housing is completely sealed. Oil cannot get in and foul 
the contacts—even when it flows over the enclosure in a con- 
tinuous stream. The precision switch mechanism insures ex- 
treme accuracy of repeatability. An extremely important fea- 
ture lies in the “snap action”’ of this switch—it maintains its 
normal contact pressure up to the instant of switchover—re- 
gardless of how slowly the trip point is approached. Contact 
chatter — which means unreliable operation—is impossible, and 
contact life is greatly increased. The contact block has two 
isolated circuits with one N.O. and one N.C. set of contacts. 

Both the operating pressure and the differential are adjust- 
able. The pressure is externally adjustable with the setting 
shown on a calibrated scale, and a trip indicator shows the 
operating point. These A-B quality controls are made for op- 
erating at pressures up to 5000 psi. Write for full details. 


BULLETIN 836 


STYLE 


PRESSURE 
SWITCH 


RANGE 


Bulletin 836 Style T 
Oiltight Pressure Switch 


Les) 
Pm) sd 
removed shows: 


EU Mtr lal 
Pema 


BO eg 
bet rea Beles 


ee ie 
PTT tal all 


ORAS: TTD) RD 


Member of NEMA 


CONTROL 





HIGH 
VOLTAGE 
STARTERS 


built to provide millions 
of trouble free operations 


An astounding claim but true! The secret of this 
remarkable operating life of Allen-Bradley high 
voltage air break starters is found in the ex- 
tremely short contact travel—it’s only %". Thus, 
pounding and contact wear are reduced to a 
minimum. In addition, contactors in A-B high 
voltage starters have only ONE moving part. 
It’s the same simple solenoid design that has 
proved good for millions of trouble free opera- 
tions in A-B low voltage starters. And like A-B 
low voltage starters, the double break, silver alloy 
contacts never need maintenance. For complete 
details on Allen-Bradley high voltage starters, 
send for Publication 6080. 


FEATURES OF THE ALLEN-BRADLEY 
RUGGED SOLENOID AIR BREAK CONTACTOR 


CONTACT c 

TRAVEL 

ONLY 3/8" 

Reduced impact 

and pounaine 

extends cont 
le 


& 4. 4 ONE MOVING 


) 
ac 


flexible jumpers 


are eliminated 


PART 
4 All trouble-causing 
| pivots, pins, and 


erating fi 
\ opera } 


DOUBLE BREAK 
CONTACTS 
of silver alloy 
completely elimi- 


FAST ARC 
SUPPRESSION m" 
New blowout 

design, new arc 


nate the need chutes molded 
for contact of arc resistant 
maintenance, material. a 


Full Voltage Induction 
Motor Starter 
Bulletin 1159 


ALLEN-BRADLEY HIGH VOLTAGE STARTERS ARE MADE FOR ALL TYPES OF MOTORS AND ALL TYPES OF SERVICE 


Wound Rotor Motor Starter 
Bulletin 1180 


Reduced Voltage 
See meme aC 
Bulletin 983 


Reduced Voltage 
induction Motor Starter 
TT eed 


ALLEN -BRADLEY 


Member of NEMA 


ae elie 
eile emule tel mete ley] 
TTT rai a) 


QUALITY 
MOTOR 
CONTROL 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. © In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 





formed or fabricated to meet require 
ments and as wire and strip in various 
sizes, shapes and widths. Hoskins Mfg 
Co.. 4445 Lawton Ave., Detroit 8, Mich 
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PRESS-IN NUT 


P-37 nuts provide load-bearing threads 
for later bolt or screw fastening in 
thick or thin ductile sheet metal 
Locking serrations at base of press-in 
nut provide liquid-tight seal between 
nut and walls of drilled hole. Tensile 


strength exceeds that of 200,000-psi 
bolt. Available in coarse and fine 
threads ranging in size from 440 to 
%.20. Arbor press, bench vise or ham 
mer blows install drive-in nuts. Hi 
Shear Rivet Tool Co. 2600 W. 247 
St.. Torrance, Calif 
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ROLLER BEARINGS 


Series HS (illustrated at left) and MC 
(right) cage-type roller bearings have 
relieved-end rollers to minimize high 
stress concentrations and fatigue at 
corners. MC Series is interchangeable 
dimensionally with standard needle 
2 to 2 in. shaft 
diameters, but has greater load capa 


bearings in sizes from ' 


ity. HS Series is made in inch sizes, 
dimensionally between standard needle 
bearings and conventional cylindrical 
roller bearings, in range from 1 to 2 
in, shaft diameters. HS Series is heav- 
ier-sectioned than MC Series. Orange 
Roller Bearing Co., Inc., 557 Main St., 

Orange, N. J. 
Circle 553 on postcard at end of book 
(Continued on page 270) 
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fastens with parent-metal strength. 


Here’s the newest technique in electronic welding — 
automatic spot or seam welding from the 

same power supply! Weldmatic’s new Model 
SA-3010 Varimatic Seam Weld Control 

connects to 115 volts a.c. and any Weldmatic 

power supply to give you these six advantages : 


Structural seam welds with original parent-metal strength 
30 to 180 welds per minute at a 
continuous adjustable rate 

ideal preliminary fastening of metals 
prior to final assembly 

Quick fastening of strips and protective 
plates (Thermocouples, etc.) 

Joining of very thin (1 mil) 

hard metal screens or sheets 

Hermetic sealing is possible 

with proper fixturing. 


For complete 
information, write 
WELDMATIC 
Ask for the new, 
free 24-page 
General Catalog 


with details on 
SEAM 


WELDING 


UNITEK Corp. 


WELDMATIC DIVISION + 950 Royal Oaks Drive, Monrovia, California 


Circle 271 on inquiry Cord 





270 


mh 


FOR AUTOMATING 


CPM 


VISIT US AT THE 
PRODUCTION ENGINEERING SHOW 
SEPT. 6-16—NAVY PIER, CHICAGO 
BOOTH NO. 381 


wt) 


INDUSTRIAL 
7 


PROCESSES 


model HZ4 
MICROFLEX RESET COUNTER 


Use to control an operation for a 
preset number of counts. Has 
spring reset to “0.” Dial ranges 19, 
400 and 1,000 counts. 


Ask for bulletin 720. 


model HZ200 
ADD-SUBTRACT COUNTER 


Add-Subtract counter — operates 
from ADD pulses which trip switch 
at maximum limit—and SUB- 
TRACT pulses which trip switch at 
“0” limit. 

Ask for bulletin 740. 


model MT 
STEP SWITCH 


Use for sequence control from 
pulses—19 contacts—60 cycle 
coil-break out cam lugs. 


Ask for bulletin 780 


model HZ6 
MICROFLEX REVOLUTION COUNTER 


Use to control an operation as a 
function of mechanical movement — 
drive shaft can be mechanically 
connected to machine, spindle, con- 
veyor, etc. 


Ask for bulletin 730. 


model HM 
MULTIPLEX (Multiple Circuit) TIMER 


Use for sequence control of 1 to 7 
circuits. With shaft drive for me- 
chanical connection to an external 
drive mechanism. 


Ask for bulletin 130. 


Write us regarding your count problem, 
or see your local phone directory or 
Thomas Register under the heading, 
“Timers, Electric” for your neorest Eagle 
Signal representative. 


EAGLE SIGNAL COMPANY © Moline, Iilinois 


A DIVISION OF THE GAMEWELL COMPANY, AW E. W. BLISS COMPANY SUBSEDIARY 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 


Circle 272 on Inquiry Cord 


PRECISION BEARINGS 


Typical precision bearing (illustrated) 
is used to support part of an inertial 
guidance system. This 3.25-in., double- 


row, pre-loaded bearing rotates with 
centerline angle variation under 3 sec 
of arc. Bearing geometry, tolerance 
range, surface finish, and pre-load 
values can be supplied to meet similar 
special requirements. Industrial Tec- 
tonics, Inc., Bearing Div., 18301 Santa 
Fe Ave., Compton, Calif. 

Circle 554 on postcard at end of book 


EQUIPMENT-MOUNTING 
RACKS 


Electronic military cabinets, featuring 
box-frame and Heli-Are welded con- 
struction, have frames made of 12-gage 
steel or 4% in. aluminum and are also 
available in “%o in. steel. Top, side 
panels and rear door are 1l6-gage. 
Front-mounting rails tapped per EIA 


Standards to conform to MIL-STD-189. 
Rear mounting rails adjustable. Stand- 
ard cabinets are 24 in. wide for 19 in. 
panels; 28-in. width also available for 
24 in. panels. Fronts are recessed for 
picture-frame appearance and protec- 
tion of panel-mounted equipment. 
Flush-mounted rear door. Cabinets 
designed to surpass MIL-T-4807 30-g 
shock and vibration tests; meet MIL-E- 
4790 and MIL-E-5272. Standard finish: 
gray hammertone; others optional. 

(Continued on page 272) 
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THE MODERN TOOL...AT WORK FOR MODERN INDUSTRY 


New! Polyken #293 glass fabric tape with thermo-setting adhesive 
for use in high-temperature applications such as jet aircraft. 


Three new tapes with electrical grade 
thermo-setting adhesive have been added 
to the Polyken line. 

That means you can now get a Poly- 
ken tape for almost any electrical use you 
can think of. No more need to search 
among several manufacturers. 

Nice to know, too, that now all Poly- 
ken tapes can be assorted for quantity 
discounts. 

Polyken...the brand with half a 
century of scientific research and proved 


New! Polyken #158 cotton- 
backed elecirical thermo-setting 
tape. Used in electric motor 


construction, etc winding, etc 


SEPTEMBER 1960 


New! Polyken #154 acetate 
cloth-backed thermo-setting 
tape, used for small gauge coil 


performance behind it. Find out what 
it can do for you. 

Polyken representatives are among the 
industry's best trained technicians in the 
use and application of industrial tapes. 
They are ready to help you. Check with 
the Polyken Industrial Tape Distributor 
nearest you. Look in the phone book 
under “Tapes”, or write to Polyken Sales 
Division, 309 W. Jackson Blvd., Chicago 
6, Illinois. (In Canada, write Polyken, 
Curity Ave., Toronto.) 


New! Polyken #293 glass cloth- 
backed electrical thermo-set- 
ting tape is used for electrical 
appliances, etc. 


Circle 273 on Inquiry Card 


Polukeni 


INDUSTRIAL TAPES 


THe KENDALL company 
Polyken Seles Division 


INDUSTRIAL TAPES © PLASTIC FILMS 
PROTECTIVE COATINGS 





Electro-Rack, Inc 11505 Jefferson 
FRA Ss ay mY TA eT ah Bivd.. Culver City. Calif. 
Circle 555 on postcard at end of book 
EE GLASS-FIBER 
ee MACHINE MOUNT 


Model N mounts isolate shock and 
vibration and are guaranteed not to 
“creep.” Models available in three 


standard sizes for load ranges to 8000 

Ib/mount. Consolidated Kinetics Corp., 

1065 Dublin Rd., Columbus 12, Ohio 
Circle 556 on postcard af end of book 


DIGITAL READOUT 


“Slide Plate” readout display operates 
directly from binary input and auto 
matically decodes any BCD code up 


ing 


r , 4 
- , f | to six bits into numeric, alphabetic 
2 a ™ :; 


ee. 


| or special-symbol character presenta 


Highly REBuated 4-36. VOC ‘Output At 0-500 MA 


This remarkably pact transistorized power supply 
provides a highly regu¥ajg@. continuously variable output 
for all battery voltage ra Despite its low cost, it 
has a number of outstandifiigfeatures which result in 
rugged performance and conve te of operation. 


There is a vernier control which péMpits fine adjust- 
ment of the output voltage. Outputs ar@¥jgolated, and 
either terminal may be grounded, or Ugits can be 
“stacked” for higher voltage operation. Tairmostatic 
monitoring of the transistor base temperature® prevents 
thermal run-a-way and damage to the unit or \external 
circuit. A unique current limiter circuit protects @gainst 
transient overloads. The current limiter is also C@ntin- 
uously adjustable which permits pre-set currents fo be 
fed to the external circuitry. The unit is equipped with 
a front panel meter for monitoring both the output volt- 
age or output current. 


tion. For use with digital computers 
control equipment, instruments, and 


Additional features include low power consumption, | other electronic or electrical test equip 
light weight and accessible location of all components. ment. Display will work directly from 
| teletype machines. Readout provides 16 
| digits or special characters. It will 
continue to display character until 


SPECIFICATIONS: commanded to display new character 


Model Designation ..: TR436M owe i * remover 

Output Voltege - 438 VOC (ivides inte 4 renee: Power may be removed from unit 

Output Current 0-500 milliamperes | without disturbing character on display 

Line Regulation Less than 0.15% or 15 millivolts change | 
for 105-125 VAC input, 60-400 « 

Load Regulation Less than 0.05% or 15 milli 
no load to full load : 

Ripple Less than 2 millivolts later time. Character height displayed 


Model TR436M — Price (FOB Factory) $135.00 is 1% in. Industrial Electronic Engi 


neers, Inc., 5528 Vineland Ave., North 
@Reg. U.S. Pat. Off | Hollywood. Calif 


aR ae eA ee ule rae emchoe 


A eee a CEnter 9-3000 e TWX NJ1144 | DECADE COUNTER 


LISiE LAL: 


os | Digits previously read into unit can be 
volts change | read back into source equipment at 





ot oe gh (See | One-megacycle, solid-state decade 


| counter Model 1302 has a ten-number 
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GEARMOTORS . Slee 


* 12 200 RPM ee a 
a ”l—l | you join wires 
@ Open or enclosed | 9” 


© Connon or AI the fastest, lowest-cost way? 


intermittent } 
@ Machine cut gears ~ 
@ Finish ground 

shafts 


us 


® Millions in use 
@ Prompt delivery 
@ Special 
features 
available 
@ Samples at once ~ 
@ Ask for our literature “5 


tity 


co 
Piet 


add 
wr 


Millions of Motoresearch also designs and pro- 
duces high frequency motors, gener- 
otors, rectifier type power supplies 
and other Special Electrical Equip- 
ment. We invite your inquiries. 


Ti sonesenncy, COMP) Ua @ 


RACINE, WISCONSIN 


Designers ond Manufacturers of 
SPECIAL ELECTRICAL EQUIPMENT WIRE CONNECTORS 


Circte 275 on inquiry Cord perfect for assembly-line wiring 


highest quality, but lower in cost than any other 
way—proved by a large manufacturer that 
cut costs 88%... and others 


easier, quicker to apply—lock on, 
won't shake off—good for your product's life 


high mechanical and dielectric strength 
connection—with special, generous length, all 
plastic shell that resists moisture and chemical 
action—best insulation you can get 


smooth, non-abrasive threads twist and grip 
wires firmly without damage to even the 
finest stranded wires 


fool-proof—scientific knurling provides fast, 
easy twist-on by hand or small power driver 


¢ 5 sizes, approved for 300V and 600V 
(1000V in fixtures) for all production needs 


k " SPLIT-SECOND” 
mM a e CONNECTOR DRIVER 

Low-cost. Provides 

S U re exact twist and right 

Ses tension with stalling 


motor— oot ks 7 
TRY FREE SAMPLE hond-seueere con: 
trol—no clutch. 5 


ASSORTMENT NOW sizes—ask for details i] 
ELECTRICAL PORCELAIN ms 


Built to your Drawings and gone 
IDEAL IN » Inc. 
Specifications * Send us your inquiries oe Park fve., Syeamere, 1 


Send free sample assortment of ‘‘All-Piastic’’ Connectors. 


CUE ELA om = 


2725 CORY AVE., AKRON 14, OHIO - im we Sreneneietmmn 


CORRE REESE E RE HEHEEHEHEHHEE HEHEHE HEHE OE EEEEEE 
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APL 


SUPERIOR QUALITY 
industrial laminates 


ynppi cy) 

NORPLEK) | | 

5 laminates are produced in accordance with 
standard N.E.M.A. specifications and MIL-P specifica- 
tions. Many special grades including a variety of copper 
clad laminates for the manufacture of printed circuits 


are also available. 


Northern Plastics Corporation produces over 60 
standard grades to meet your requirements for flame re- 
tardancy, low power factor @ 60 cycles, arc resistance, 
cold punching, minimum odor, high insulation resistance 
and excellent mechanical properties. 


mav we send you our brochure ? 


NORTHERN PLASTICS CORPORATION 
La Crosse 6, Wisconsin 
Offices in Principal Cities 


Circle 278 on Inquiry Cord 


display and requires only a single 
operating voltage of +100 at 50 ma. 
Input requirements: —8 to —15 volts, 
0.2 zsec. Output: —10 volts. Normally 
supplied with electrical reset. Ten-line 
coincidence is optional. Weight, 4 oz; 
size, 34% x 1 x 4% in. Robotomics, 
Inc., 4624 E. Garfield, Phoenix, Ariz. 

Circle 558 on postcard af end of book 


DIGITAL MODULES 


“Building block” modules consist of 
10 basic types and 15 variations. Each 
digital module is vacuum encapsulated 
with epoxy resin. Each contains up to 


35 standard components per cubic inch 
Applications include computers and 
digital data systems, binary, octal or 
decimal conversion equipment. Mod- 
ules have a standard height of 0.8 in. 
and length of 1.0 in. Width varies in 
multiples of 0.2 from 90.4 to 1.0 in. 
All modules use logic levels of 0 and 
~6 volts. Delco Radio Div., General 
Motors Corp., Kokomo, Ind. 

Circle 559 on postcard at end of book 


LESS-THAN-LIMIT SENSOR 


By responding only to negative voltage, 
this solid-state sensor converts manual 
test equipment used in quality control 
to automatic operation. Used for gag- 


en 
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McGILL CAN SOLVE YOUR SPECIAL SWITCH PROBLEMS 


Like In-Sink-Erator you may have 
found that a non-standard switch is 
1-100 the only way to actuate and control 
the unusual circuitry of your product. 
I-100-L momentary contact switches designed for the purpose are 
used to actuate the mechanism of their domestic garbage dis- 
posers by cam action. One model uses a 15 amp. 115V % hp 
switch, another an 8 amp. 115V % hp. Stainless steel com- 
ponents, effective seal against water pressure and extra 

switch durability help to insure long life efficiency. 
If you have such special switch requirements, ask McGill 
application engineers for their recommendations — spe- 
cial switch development is part of everyday activity 

at McGill. 


IN-SINK-ERATOR CUTS COSTS 30% 


“Actual cost reduction of at least 30% by reducing 
number of parts. Accurate positioning by use of 
threaded mounting. Easy service of switch by use 
of micrometer screw adjustment.” These are the 
comments of J. H. Enright, In-Sink-Erator 
Manufacturing Company electrical engineer, 


D EPEND y B a = concerning the advantages of the McGill 


switches used in the popular In-Sink-Erator 
domestic garbage disposers. 


mis ¢ 4 2 =ay..for the performance you want 


QUALITY 20 AMP ROCKER SWITCH 


A new series of switches to meet the appearance, 
operational, dimensional and cost requirements of a 
wide range of appliance and electrically powered 
equipment applications. Hundreds of variations with 
respect to actuator colors and sizes, mounting brackets, 
plates, circuitry and terminals are available to solve your 6800 Series 
specific design problem. Heavy duty construction and 20 
amp. 125V AC 1% hp ratings assure long and dependable life. 


30 AMP MOMENTARY 0111-02302 
CONTACT SWITCHES 
Designed especially to apply 25 


- extra performance and life § t» 20 AMP SP and DP TOGGLE SWITCHES 


advantages where 30 amps., 
in small size, can simplify assembly Enclosed in impact-resistant molded phenolic, 
1901 Series and eliminate auxiliary components. and’McGill LEVOLIER toggle switches are dust 
Simplified switching action utilizes two and vibration-proof. 
precision wound stainless steel springs. Available in 6 amp. to 20 amp. models with 
Contact bounce is eliminated. Solid copper added DC and HP ratings; SP and DP. Choice 
contacts are inlaid with silver cadmium _ of wire leads, soldering lugs or screw terminals 
oxide, 30 amp. 125-250V momentary contact on most models. 
with choice of terminals and six actuators. 


engineered electrical products — 


, ® 
cn SB ILE 


No. 60 is just ¢ ee press. It's yours for A ro 
the asking — write for your copy today. , os * 
r " ; Ss) precision needle roller bearings 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DiV., 7OO N. CAMPBELL ST., VALPARAISO, INDIANA 
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here's 
why 


IT HOLDS ITS SHAPE. 


Does not distort or change dimension re- 
gardless of temperature, repeated heat- 
ing and cooling, or thermal shock. 


7 
IT WITHSTANDS HIGH PRESSURE. 
Speer Graphite has compressive strength 
of approximately 7,000 psi. 


IT BECOMES STRONGER WITH 
INCREASING TEMPERATURE. 


IT iS CHEMICALLY INERT. 
IT IS EASILY MACHINED 


to close dimensional tolerances. 


IT HAS HIGH THERMAL CON- 
DUCTIVITY. 


IT iS NOT WETTED BY 
MOLTEN METALS. 


IT WILL NOT CRACK OR SPLIT. 


Speer provides molds, dies and many 
other carbon or graphite parts for high- 
temperature applications, expertly ma- 
chined fo your own specifications. Call 
or write for further information. 


| CARBON PRODUCTS DIVISION 


ST. MARYS, PENNSYLVANIA 





276 Circle 280 on Inquiry Card 


Circle 278 on Inquiry Card 


ing weight, thickness or any applica- 
tion in which measurement is converted 
to a voltage. Hysteresis, less than 250 
my at 25 C; reaction time, less than 
50 millisec; input impedance, 100 k 
ohms. For levels between 
+250 volts to provide limit indications 
with accuracies better than 0.05 per 
cent full seale. General Automatics Inc., 
2443 Ash St.. Palo Alto, Calif. 


Circle 560 on postcard at end of book 
MINIATURE ACTUATORS 


Ballistic actuators can replace selenoids 


reference 


in some aircraft and missile applica- 
tions. Models offered for either push 





or pull action in a range of predeter- 


mined strokes and force outputs to 25 | 





lb. Various electrical firing character- | 


istics can be provided. Body of wnit 
illustrated measures 0.5 x 0.6 x 0.38 in., 
has stroke of “se in. and force output 
of 3 Ib. Propellex 
Chromalloy Corp., Box 187, 
ville, Il 

Circle 561 on postcard af end of book 


LINEAR ACTUATORS 


—s te 


= a ——_ we 
Mode! 202 flat-armature torque motor 
(illustrated) has a stroke of +0.007 in. 
force of 5 Ib 


resonant fre- 


Edwards 


and a_ mid-position 


Hysteresis, 2 per cent; 


~ 





Chemical Div., | 
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Plastic beck piece for television 
set hes carefully controlied 


Contours 


YOUR 
DOLLARS 
GO FARTHER 


when your 


plastic products 
have the 
famous 


MAKRAY 


When profits are squeezed 

the hardest, MAKRAY preci 

sion injection molding pays 

off the most. Get uninter- 

rupted, trouble-free produc- 

tion components. Your prod 

uct will look better, work 

better... and SELL better! 

e 24-hour, 3-shift operation 

« Delivery schedules you can 
depend on 

« 30 latest Hi-speed presses... 
3 oz. automatics to 60 oz. 
capacities 

e Molds built in our own shop 

« Complete engineering counsel 

Keep your production costs 

down. Call or write about the 

MAKRAY “OK”... . today! 


MAKRAY 


MANUFACTURING CO. 


4400 North Harlem Avenue 


Chicago 31, Ill. + Gladstone 6-7100 
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Dennison Industrial Crepe Paper 
proves best in these applications 


As field coil insulation in automobile starters ana 
generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 
cotton. It stretches to shape . . . hugs corners and leads 
... prevents voids . . . reduces likelihood of grounds... 
often eliminates need for varnishing and baking. 


As armature or phase insulation for automobile 

- starters and generators and fractional horsepower motors, 
Dennison Crepe Paper Tape is replacing varnished or 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less per pound than 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 


As transformer insulation in oil-filled units of all types 
. « power, distribution, regulator instrument and 
tential transformers ... Dennison Industrial Crepe, 

in tape or sheet form, is used for a great variety of 

insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 


Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 
... and dielectric strengths up to 1500 volts. 

Write for complete data today. 


+ 


Helping you compete 
more effectively 
MANUFACTURING COMPANY 


Framingham, Mass. + Drummondville, Quebec + Offices in Principal Cities 
Circle 282 on Inquiry Card 
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PUNCHED 
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ie hee 


KANTHAL SUPER 


Unique molybdenum disilicide furnace 
elements ovtlast silicon carbide at least 
four to one obove 2700°F, saving sub- 
stantially on down-time. For continu- 

ous of intermittent operation in oxidiz- : 

ing ond most protective atmospheres. 

Elements operate to 3100°F (1700°C) * 

when freely suspended of to 2900°F Simple Switching Using 

(1600°C) when supported horizontally. j j 

Kanthal Super does not oge, and tem- Sta Punched Cards 
peratures can be held without com- | Taurus Punched Card Sensors statically 

pensoting odjustments — entire standard |.8.M. or Remington 

| and punched cards. 

Kanthal Super elements are available Each hole position has a corresponding 

seporately ond in furnoces from all closed switch, and each unpunched hole 

prominent manvufocturers. Write for — — ons noose oe i 

list broch ; wi w msor is actuated. 

ist ond brochure today Used for Automatic Test Equipment and 

other automation devices. 

Taurus also produces a complete line of 


Standoff and Feedthru Terminals insu- 
lated with Teflon’. "nee. tm, OF ©. 1, OUPONT 


Yi Le mu . TAURUS 
3 last SEE} i tamfor enn 
OF ehhh Ts vas : AURUS 


Can. Rep., Ferro Enamels, Ont., Can 8 CORYELL STREET 
LAMBERTVILLE, W.5. 
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Buchanan “WIDE-RANGE” 
Pre-insulated Splice Caps 





Just 1 size for 2 #18, 2 or 3 quency, 790 cps; power requirement, 
#16, 2 #14, 1 #12 with | 2.65 watts max; weight, 5.6 oz. Other 
#14—or equivalent models with mid-position forces from 
combinations. 2.5 to 13.0 lb and strokes from +0.006 
Tough see-thru Nylon. High to +0.015 in. available. Servotronics, 
insulating value. Easy Inc., 190 Gruner Rd., Buffalo 25, N. Y. 
inspection. Circle 562 on postcard at end of book 
Ratchet-Contro os : : 
Model 32 solenoid is designed prima- 
the perfect tri-SURE-tools rily for business machines, computers, 
combination for Just 1 size— Hand or Pneu- data processing and instrumentation. 
matic. Fast acting — no adjust- | Unit lifts up to 8 oz intermittent or 6 
Low Cost ments —no wire twisting — 
load either side-—splice caps | 6 lS RRS, 


Pre-Insulated Splicing sel f-positioning. 
Exclusive three-indent rolling | aaa 
action crimp provides peak per- 


formance — no puncturing of | " att 


insulation. 
UL & CSA approved — 600 V A) | oz continuous duty, has been tested to 
max. bidg. wire; 1000 V. max ey | 20,000,000 cycles. Stroke up to %e in., 
in fixtures —to 105°C. Also ified. O 

push or pull, as specified. Operates on 
= in” ~— g 6 to 110 volts d-c at 3 watts continu- 


ous or 6 watts intermittent duty. Term- 
Write for inals are plug-in or lead types; mount- 
descriptive bulleun M-9. | ing, 428 threaded bushing. Size, 4% in. 
max diam, 34% in. long. Guardian Elec- 
| tric Mfg. Co., 1550 W. Carroll Ave., 
Chicago 7. 
Circle 563 on postcard at end of book 


MINIATURE SOLENOIDS 


Series ME miniature enclosed d-c sole- 
noids are supplied in five standard 
types ranging in diameter from 4% to 


\  \ COSMD nylon bobbins | 1 ba, hove Mghtomperstare Snsaletion 


You , oN You economize when you select a Cosmo 
> Nylon Bobbin to meet your requirements. A | 
\ die wide variety of sizes and shapes are avail- | 
Sav é Vet able from stock. UW 


BOBBIN... © 
TOOLING .../ 
WINDING. 4. 








BOOTH 438 
1.3. A. SHOW SHG a 
New York—Sept 26-30 “onan Recrmcas 


pecoucTt 
Leet, “Ew eeseY 
| 
} 
| 
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and are available in pull and push 

types. Various mounting arrangements 

| furnished. For voltages up to 125. 

| Anderson Controls, Inc., 9959 Pacific 
Ave., Franklin Park, IIL 

Circle 564 on postcard at end of book 


ELECTROHY DRAULIC 


SERVOVALVES 


Miniature Series 30 weighing only 5.12 
oz features the nozzle-flapper hydraulic 









rreguler 


Cosmo Nylon Bobbins have been 
field-tested in transformers, 

, solenoids, relays and fractional 
horsepower motors. They can be supplied from 
stock or manufactured to your exact specifica- 
tions. End your search for new savings and 






Round 
Severe 


DATA BROCHURE 





REQU | 
quality by investigating Cosmo Nylon Bobbins. _ os 
SALES DIVISION Saas 
Arizene, Colifernia, Colerade, a, a! Michigon, 
Minnesote, Missouri, New Jersey, Ohio , Oregon, Utah 





Se SS 
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WESTON “CROWN” METERS 
OFFER HIGH PERFORMANCE 
AT LOW COST 


New AC instrument now available in 
economy line of matched panel meters 


\ newly-designed AC moving iron instrument with 
improved ballistic characteristics joins the Weston line of 
“Crown” meters. Instruments in this matched group 
combine economy with dependable accuracy, and incorporate 
many time-proven Weston features. 
Exclusive Weston CORMAG*® self-shielded mechanisms, 
for example, permit mounting on magnetic or non-magnetic 
panels without special adjustment. Instruments with this 
important feature may be closely grouped without 
intereffects, and are immune to stray field errors. 
Exceptional readability is another advantage of 
“Crown” meters. Models 1721 and 1724 have 2.5” long 
scales, Model 1741 has a 4.9” scale. Clear plastic covers 
provide excellent, shadow-free illumination. Black lance 
pointers and black markings on white dial further 
enhance readability. 
Accuracies within + 29% full scale are available in 
DC and moving iron AC meters, and + 3% in rectifier types. 
Call your Weston representative for specifications on 
“Crown” instruments, or write for Catalog 01-112. 
Daystrom, Incorporated, Weston Instruments Division, 
Newark 12, New Jersey. International Sales Division, 
100 Empire St., Newark 12, N. J. In Canada: Daystrom Lid., 
840 Caledonia Rd., Toronto 19, Ontario. 


AMPERES 


AAS, 
atSTon 


wets 
eeeeene 


TTTTITTTLTITT. 






Dem, 
DAYSTROM , incorroraten 
pee” 
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New control circuit transformer 
has a drop below rated voltage of 
only 5% at 1.000% inrush current 


The extra capacity enables 
you to specify transformer 
size according to your sealed 
volt amperes with few ex- 
ceptions. Savings of initial 
cost and panel space will re- 
sult because you can often 
use a smaller unit. New 
Hevi-Duty Type SZO trans- 
formers range from .050 to 
5 KVA. 





Write for Bulletin 300 


A DIVISION OF iC} —| BASIC PRODUCTS CORPORATION 


HEVI-DUTVY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces + Dry Type Transformers + Constant Current Regulators 
Circle 288 on Inquiry Card 
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1 COMPLETE SOURCE FOR 


TEFLON’ 





TAPES - 0.001” to 0.1875” - RODS, CYLINDERS, SHEETS, 
SPAGHETTI, MACHINED PARTS... of virgin and reproc- 
essed Tefion, Colored Tefion or special Teflon mixtures 


QUALITY CONTROLLED from powder to finished part. 


COMPLETE FACILITIES for mixing, molding, and machining 
from one supplier. 


PROMPT DELIVERIES of samples, prototypes, pre-production 
and production runs in any quantity. 


ENGINEERING SERVICE by nationwide fluorocarbon spe- 
cialists help specify the exact materials for your needs 


“duPont t.m. 


Eee CORP., Rovte 73 and Fellowship Rood, Maple Shade, N. J. 
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amplifier and mechanical feedback ar- 
rangement utilized by Series 31 valves. 
Series 30 uses small second-stage spool 
and bushing contained in aluminum 
body. Flow capacity, 3 gpm max at 
3000 psi. Moog Servocontrols, Inc., 
East Aurora, N. Y. 

Circle 565 on postcard at end of book 


PAPER CAPACITORS 


Series 134T high-reliability fixed ca 
pacitors feature high-grade capacitor 
paper plus polyester plastic film for 
the dielectric. Capacitors are hermeti 
cally sealed in metal containers and 
have glass-to-metal solder seal termi 
nals. In actual service, capacitors have 





record of less than three failures per 
million capacitors per thousand hours 
of operation. Values range from 0.001 
to 1.00 wf at working voltage ratings 
of 200, 300, 400. and 600 volts d- 
Tolerances as low is *5 per cent 
available. John E. Fast & Co $598 
Elston Ave., Chicago 18 

Circle 566 on postcard at end of book 


SOLENOID VALVE 


Pinch type valve Series RS can be used 
for metering, sampling or ON-OFF con 
trol. Capable of providing gas-tight 
shutoff under vacuum or pressure con 
ditions, valve is made in sizes to 1 in 
Valve consists of rubber body that is 
pinched closed by spring-loaded sole 
noid mechanism Design permits 
straight-through flow in either direc- 
tion. Normally-closed valve bodies are 
pure gum rubber with maximum pres 
sure rating of up to 50 psig for smal- 
lest size. Valve bodies of Buna, Butyl. 
Neoprene, Hypalon or Viton can be 


Ly 
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Now—EASTERN’S Flying Freighters offer 


OVERNIGHT 
DELIVERY 


New York—Miami—San Juan 
New York—Atlanta—New Orleans—Mobile—Houston 
Chicago— Atlanta—Miami—San Juan 







@ Reserved space on every Freighter flight. 

@ Pressurized and temperature-controlled. 

@ Flights daily except Saturday and Sunday nights. 
@ Pickup and delivery service available. 


in addition, Eastern offers freight space on over 400 daily passenger 
flights —including DC 8-B Jets and Prop-Jet Electras —to 128 cities 
in the United States, Canada, Bermuda, Puerto Rico and Mexico. 


For Information and Freight Reservations, call your 
Freight Forwarder, Cargo Agent or Eastern Air Lines. 


EASTERN AIR LINES 
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For High Pressure — 
Low Resistance Connections! 


| Type “CT” 
LEE | Terminal Block 


me ie a a ls ee No / 


get 
complete 
data on 


MINIATURE AGASTAT* 
time / delay / relays 





This free folder contains complete specs on 24 models of 
the miniature AGASTAT Time Delay Relay for missile, 
aircraft, computer, electronic and industrial applications. 
They're small as 1-13/16” x 4-7/16” x 144”, with adjust- 
able timing ranges starting at .030 and as high as 120 


~L_ Curtis Terminal Blocks moke better connections seconds. 


economically — quickly! The folder gives operating and environmental specs, 
Write for Bulletin OS-116 coil data, contact capacities, dimensions, diagrams of con- 
tact and wiring arrangements. Write: Dept. a3s-vz1. 


AGASTAT TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 


3222 WN. 33rd Street, Milwavkee 16, Wisconsin 
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These special-purpose Kelvin ratio bridges shown above were built 
especially for Ultronix by ESI. 

They can calibrate precision wire-wound resistors in Ultronix matched 
sets and networks to an accuracy of 1 part per million. 

Ultronix operates these bridges in a separate temperature-controlled 
area for precision manufacture. There you will find the most accurate 
installation of measuring equipment outside the U.S. Bureau of 
Standards. 

This is one reason why Ultronix can offer networks and sets with ratios 
matched as closely as 0.001 per cent and absolute values within 0.01 
per cent. It’s virtually impossible to measure closer in production quan- 
tities. With this passion for precision, Ultronix combines imaginative 
engineering, advanced manufacturing techniques and strict quality 
control procedures. 


This is why Ultronix has become—in less than 3 years—the pre- 
ferred source for precision wire-wound components. In some cases, 
the sole source. 


At Ultronix, precision is our most important product. 


For catalog data, please address Dept. 32. 


\ 111 EAST 20th AVENUE 
U LTRONIxX t — 
SAN MATEO, CALIFORNIA 


PHONE FIRESIDE 5-7921 
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supplied. RKL Controls, Inc., Haines- 
port Industrial Park, Hainesport, N. J. 
Circle 567 on postcard at end of book 


HIGH-VOLTAGE 

TANTALUM CAPACITOR 
Series J small solid-tantalum capacitors 
full-rated voltage at 
available range 


can operate at 
Capacitances 


85 C. 





from 0.33 to 380 pf in 6, 10, 25, 35 and 
50 volt 50 volt 
is available in values to 22 pf. Supplied 


ratings. The capacitor 


military smallest 
bg in. in diam and 14 in. 
long. Supplied with or without insulated 
cases. Kemet Co., Div. of Union Carbide 
Corp., 11901 Madison Ave., Cleveland 
1, Ohio. 

Circle 568 on postcard at end of book 


TANTALUM CAPACITORS 


Wet electrolyte, sintered-anode tantalum 
capacitor Series TSW is available in 
ratings from 6 to 100 working volts 
and capacitance from 270 to 4.7 pf at 


in four 
measuring 


case #s817¢%, 


85 C. Meets applicable MIL specifica- 
tions in leads, moisture resistance, 
temperature and immersion. Supplied 
with or without insulating sleeve. Bare 
tube case has 0.188 diam and 0.525 
in. length for TSWI model; 0.282 diam 
and 0.720 in. length for TSW2. U. S. 
Semiconductor Products, 3540 W. 
Osborn Rd., Phoenix, Ariz. 

Circle 569 on postcard at end of book 


VARIABLE CAPACITOR 


Single-section capacitor, designated 
“VUS,” is suitable for uhf as well as 
vhf use. Available in a range of 
capacitances up to approx 200 pf. 
Capacitor produces a non-linear capaci- 


ELECTRICAL MANUFACTURING 
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if special application FHP motors are on your mind... 
write for RaM’s new Bulletin 445 


This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- . 
plication FHP Motors. f. 
You may select from four frame o : 


round body round body 
nue ee) without resilient rings 


sizes, sixteen ratings from 1/100 
through 1/3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 
types. 

Simple, compact and quiet, these motors offer built-in 
benefits for your customers, as well as design flexibility 
for you, where silent operation, limited mounting space 
and minimum attention are factors. 

Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com-’ , 
puters, can promptly select the optimum design for your ——— 
special requirements. Write today for your copy of 
R&M’s new bulletin 445-EM 


ROBBINS & MYERS, INC., Springtield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno., Industrial Pumps 
Propeliair, Industriol Fons * R & M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
, Subsidiory companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 


- 


rigid base mounting resilient base mounting 
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Please send me free folder containing samples of your electrical insulating tubing and 


sleeving. 


I am particularly interested in insulation for __ 


Name 
Company 


Street 
City_ 


_ Zone 


HIGH TEMPERATURES 


VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat 
endurance at temperatures up te 260°C. 






Varglas Silicone tubing and sleeving were 
developed by Varfiex for applications in- 
volving continuous operating temperatures 
up to 260°C. Exceptional stability is com- 
bined with the following qualities . . . 


FLEXIBILITY... sharp turns and 90° bends 
cause no cracking or peeling — no loss of 
dielectric strength. 


DIELECTRICALLY-STRONG—All grades conform to 
NEMA and MIL-I-3190 standards. 


MOIS TURE-RESISTANT—includi resistance to 
salt water, mild alkalis acids. 


FLAME-RESISTANT — Standard burning test is 45 
seconds to burn 1 inch. Can be made self- 
extinguishing on special order. 


COLD-RESISTANT—Excelient resistance to chafing 
abrasion, flexible to —35°C.* 


*For temperatures down to —65°C, and for 
ee requiring extraordinary flexi- 
lity, we rec our mew Varglas 
Silicone Rubber sleeving and tubing. In- 
quiries invited. 


Send 

for 

FREE 
SAMPLES & 


Mail coupon today for free folder containing 25 
different test somples of Varflex insulating sleeving, 
tubing, leod wire and tying cord. 





i SR SSERRK SAR TSN RSH Sw wa 
VARFLEX SALES CO., INC., 309 N. Jay St., Rome, N.Y. 


(For Silicone Products Only) 
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characteristic. Precision- 
ground glass balls bearings 


to eliminate variations in current paths. 


ty-vs-rotation 
used in 


Rotor contact made through single 
silver-plated spring-tempered bronze 
spring. Hammarlund Manufacturing 


Co., Inc., 460 W. 34 St... New York 1. 
Circle 570 on postcard at end of book 


PRECISION RESISTORS 


Style CH-1 wirewound resistors are a 
production version of NB-1 Style pri- 
mary-standard resistors, with similar 
ratings Oil-filled 
units occupy less than 4 the volume 


of the NB-1 


low as 0.0025 per cent/watt achieved 


Bai 


and performance 


Self-heating coefficient as 











by mounting metal shell of resistor 
on appropriate heat sink. Standard 
initial tolerance, 0.0025 per cent for 


resistance values from 1 k to 1 megohm 
Stability is 0.0025 per cent/yr. Tem 
perature 


coefhicients of resistance, 


values from 2.5 to 10 ppm deg e 
standard. Thermally-induced transient 
effects less than 0.0015 at rated power 
Resistors 


0.1 ohm to 2 megohms. 


available from 
Rating of 300 
volts max applies to all values. Julie 


Inc., 556 W. 


dissipation 


Research Laboratories, 
168 St.. New York 32. 
Circle 571 on postcard at end of book 


TRIMMING POTENTIOMETER 
Model 530 


Round 


potentiometer 1s 





(Continued on page 287) 
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SARKES TARZIAN 
SILICON ZENER VOLTAGE REGULATORS 


Tarzian silicon voltage regulators, commonly called zener diodes, are constant 
voltage devices used to control output voltage of power sources and as voltage 
reference elements capable of »perating over a wide temperature range. Hermetic 
sealing and mechanical ruggedness provide long term reliability even under the most 
adverse conditions. 

Three power classifications cover a wide range of applications. 


f aa ameae mace a a } :, a fe) 


Y Watt Zener Regulators 1 Watt Zener Regulators 10 Watt Zener Regulators 
Specifications 25°C Specifications 25°C Specifications 25°C. 

Zener Test Dyn. Zener 
Volt. Cur. imp. Tarzian Volt. 
” (Ma) | (Ohms) Type ™ 

3.6 175.6 

4) 176.2 

4) 176.8 

53 177.5 

6.0 178.2 

10 179.1 





8.0 1T10 1N1351 
9.0 ITll 1N1352 
10 1712 1N1353 
ll 1713 1N1354 
13 1T15 1N1355 
15 IT16 1N1356 
| 1T18 1N1357 





20 1720 
24 1122 
28 1124 
1727 
1T30 
1733 
1736 
1739 
1743 
1747 
1751 
1756 


25720 


25122 


1N1358 
1N1359 
| 1N1360 
| 11361 
| 11362 
1N1363 
1N1364 
1N1365 
11366 
1N1367 
1N1368 
1N1369 





25724 
25727 
2513 
25133 
251% 
25139 
25743 
2574) 
25751 
25756 
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25762 
25768 
25775 
25782 
25791 
257100 100 


1162 1N1370 
1T68 1N1371 
1175 1N1372 
1T82 1N1373 
1T91 1N1374 
1T100 100 1N1375 


—e YN N&R 


NOTES: Standard tolerance is + 10% however, closer or wider tolerances are available on request. 
Also availabie on request 

fe} Special voltage ratings 

b) Symmetrical double anode types (for clippers). 


DIMENSIONS DIMENSIONS DIMENSIONS 


Wis" ACROSS FLATS. 





SARKES TARZIAN SILICON VOLTAGE REGULATOR ZENER DIODES 
Characteristics and Application 


Dynamic Impedance q 


Dynamic impedance is a measure of voltage change the DC test current and measuring the resultant voltage 
effects on operating current and provides a practical across the diode 
measure of regulating performance. Dynamic impedance The following curves show the effects of voltage 
is measured by superimposing a small AC current upon and current on dynamic impedance 


TYPICAL CURVE FOR 1175 
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Temperature Coefficient 
z 
[he operating voltage of a silicon regulator c o| 
changes with operating temperature. This character- ° 
istic must be considered in design. The following curve wee 
shows temperature—voltage relationships typical in © an 
" < 
silicon zener diodes a 
a 2 
= 





Typical Application 
REGULATOR CIRCUIT Where 
R, is the series resistor 
E. is the source voltage 
E, is the zener diode voltage 
I, is the zener diode current 
I, is the load current 
P, is the zener diode power dissipation 


Where the load current and input voltage are variable 





E. (min.) E. 

As the input voltage increases the inverse bias across the R 7 . 7 

ma }- max.) 
zener diode will increase and cause a large current to flow. This 


E, (max.) E, 
increase will cause more current to flow through R; and increase P, (max.) ( R I. (min )) E, 
the drop thereby adjusting the load voltage. Load variations 


have a similar effect. The result is a substantially constant For constant load current but variable input voltage 


output voltage R E. (min.) E. 
In + . 1h 
Determination of R; is as follows 
E, (max.) E, 
P, (max.) I.) E. 
E, —E, R 
x I I 
i For constant input voltage but variable load current 
E,—E, 
= ( = = R E. E, 
’ I, (max.) + .1 I. (max.) 
E, — E, E. E. 
P, ( R I; ) E, P, (max.) ( R. iF ) E, 
NOTES: The above equations allow a tolerance of 10% to compensate for load regulatior ‘ 
If dynamic impedance is a significant percentage of the value of R:, this must be taken into consideratior 


A high impedance source presents additional problems and must be considered if it is significant compared to R 


SARKES TARZIAN, INC. 


World's Manufacturers of TV Tuners + Closed Cir TV Systems + Broadcast 
Equipment « Paeenee Pal naden's taceons seclng tere ¢ Ghanian tomes 


SEMICONDUCTOR DIVISION + BLOOMINGTON, INDIANA 
| In Canada: 700 Weston Rd., Toronto 9 + Export: Ad Auriema, inc., New York — 








single-turn, top-adjusting unit for print- 
ed-circuit boards. Wirewound poten- 
tiometer is % in. in diam, % in. thick 
and weighs less than 2 gm. Characteris- 
tics include standard resistance values, 
10 to 50,000: ohms: continuous wiper 
rotation; temperature range, —55 to 
+150 C; vibration, 30 g at 10 to 2000 
cps; meets MIL-E-5272A. Handley, 
Inc., 12960 Panama St., Los Angeles 66. 

Circle 572 on postcard at end of book 


MOTOR PROTECTOR 


Miniature circuit breaker, to protect 
small motors in portable power tools 
and appliances, attaches to end of 
cord set. Protector automatically cuts 





’ 
off power when appliance is over- 
loaded. Button is used to reset circuit 
breaker. Available from 3 to 10 amp 
Modern Manufacturing Co., Inc., 680 
Davisville Rd., Willow Grove, Pa. 

Circle 573 on postcard at end of book 


MOTOR PROTECTOR 


Automatic recycling protector MP- 
1622, for electric motors, is mounted 
against the motor windings between 
end turns and motor shell in order to 
detect heat from windings. Miniature 





breaker responds to combination of 
ambient temperature and current flow 
which produces predetermined tem- 
perature actuation. Automatic recy- 
cling restores motor to operation when 
temperature drops. Mechanical Prod- 
ucts, Inc., 1824 River St., Jackson, 
Mich 


Circle 574 on postcard at end of book 


PRINTED-CIRCUIT 
CONNECTOR 


Series 7009 connector features twin 
taper-pin wire terminations. Connec- 


Circle 296 on Inquiry Card 












METAL 
cost 

CUT MORE 
THAN 

65%... 


... With miller 


PHOSPHOR BRONZE 


The wafer-thin part shown here is a spring contact blade 
that forms an integral part of an automatic starting and 
reversing switch used on all models of garbage disposers 
produced by In-Sink-Erator Manufacturing Company of 
Racine, Wisconsin. Continued exploration of ways to cut 
the cost of manufacture—hence deliver a better product 
for less money—led In-Sink-Erator’s design people to 
Miller, whose on-the-spot metallurgical specialists were 
able to recommend Grade C 200-PLUS phosphor bronze, 
a material with equal performance to the beryllium 
copper previously used ... yet at far less cost. If cost- 
cutting has a place in your operation, a Miller specialist 
can be at your plant in hours to tell you how! 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 





+++ WHERE PHOSPHOR BRONZE iS THE MAIN LINE-NOT A SIDELINE 
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Ceramic Parts—can help prevent production losses 


Highly accurate porcelain, refractory, 
steatite or filter body parts from 
Wisconsin Porcelain Co. help you avoid 
expensive production stoppage due to 
irregular, bad fitting components. 


Consider, too, that Wisconsin Porce- 
lain Co.’s expert engineering assistance 
backed by 40 years of experience is 
available to help you find the most 
efficient, most economical answer to 
your ceramic parts needs. 
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» -306-CCT 
Pius. Cable 
Clamp in Cap 


@ Knife-switch socket contocts 
phor bronze, codmium picted. 


phos- 


@ Boer type Piug contacts brass, cod- 
mium piloted, with cross section of 
5/32” by 3/64”. 


@ Insuletion molded bokelite. 
@ All Plugs and Sockets polcrized. 


with 
ONES 

PLUGS 
AND SOCKETS 


Jones Series 300 illustrated. Smali Plugs G Sockets for 
1001 Uses. Cap or pane! mounting 


It costs nothing to find out what we 
can do for you. Why not send us your 
ceramic parts requirements today? A 
sample or a blueprint will do. You'll 
get a prompt reply. 

Serving the Electrical and Electronic 

Industries since 1919. 


WISCONSIN PORCELAIN CO. 
115 MARKET ST. + SUN PRAIRIE, WIS, 


(in the Chicago Industric! Area) 
Circle 298 on Inquiry Cord 


$-306-AB 


@ Meteo! Caps, with formed fibre tin- 


ings. 


@ Made in two toe 33 contacts. 


@ For 45 volts, 5 amperes. Efficient 
et much higher ratings where cir- 
cult chorocteristics permit. 


Ask for Jones Catalog No. 22 showing complete ‘ine of Electrical 
Connecting Devices, Piugs, Sockets, Terminal Strips. Write or wire today 


_ 
4 


Secket with 
Angle Brackets. 
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FERRY 


tion to printed-circuit board is a 
complished via fork-like contacts with 


Molded 
insulator, glass-filled diallyl phthalate, 


four coined mating surfaces 


incorporates board guides for mounting 
Contact terminations feature dual con- 
each contact and 


nections on accept 


Series 53 taper pins. Polarization of 


24-contact unit may be utilized in one 
or more of eleven positions by inser 


tion of polarizing tab. Elco Corp., 
“M” St. below Erie Ave., Philadelphia 
24. 

Circle 575 on postcard at end of book 
MULTI-TURN 
POTENTIOMETER 


Infinite-resolution, multi-turn 
Ik 150, tor 


instrumentation manufacturers, features 


poten- 


thometer instrument and 


a continuous slide wire resistance 


element. Resistance tolerance on stand 





Linearity 
cent. Power figure 
is 5 watts at 40 deg C derated to 0 at 
100 C. Pot available from 2 to 35 
ohms. International Resistance Co., 401 
No. Broad St., Philadelphia 8. Pa. 
Circle 576 on postcard at end of book 


LATCH-IN RELAY 
Enclosed 


requiring 
only 2 1/16 x 1% in. of panel space, 


is designated Class 11LHS. Relay con- 


cent 


ard unit, +10 per 
tolerance, 0.5 per 


miniature relay, 


ELECTRICAL MANUFACTURING 
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O-T and DI-T 
ANSFORMERS 


Sealed to MIL-T-27A Specs. 


TRANSFORMERS PICTURED ACTUAL SIZE 
DO-T: &, Dia. x ',”, 1/10 Oz.; DI-T: &, Dia. * 4%”, 1/20 Oz. 


MALL IWATTS aT PF ir2s00ST. 
MILLIWATTS AT Pis2Q01ST 


Sec. Pri. Res. Pri. Res. Mw. 0D1-T 
00-T DIT Level Ne. 
1 Le) 
a 00-T26 * 6 Hys./2 Ma., 15 Hys./5 Ma. fa. 2100 
65 100 bi-T2 ~____ Reactor 9 Hy./2 Ma., 5 Hy./6 Ma. 
ae ae aa eae 00-127” 1.25 Hys./2Ma., SHy./i1Ma.100 
m5 6110100 BI-T3 "Reactor .1 Hy./4 Ma., .08 Hy./10 Ma. aa 


ir «| COT Sy a, 15 Hys.720 Ma 25 


= "3.2 Tis 10100 00-129 mer a 32 sa 

10,000 coepesttlanattt dice ain eee 
"360,000 1000 8800 25 400 CT 4 

500 100,000 le 


~ Reactor 2.5 Hys./2 Ma., oy 7a Ma 60 ——aOE-TS Cd __soocT | 
__* 3.5 Hys./2 Ma. 1 Hy./5 Ma. 630 800 CT 


1 500 CT 800 -~-870~—~«100' «i -T8 ie 1000 CT 
600 CT "too cr 


co. oes ae 
DIES Y 
4 12 
a 
aa 32.—~COSTH 
"]200 CT 800 870-100" Bi-Ti0 1330 CT 4 4 

"2000 CT 800870100 BTN si : 

ef 

me, = 

1 


i 
1 ae ‘ 
1 1500 CT 1600 CT 321 109 
—}— 

1 2500 CT 0-13 


32s 
cr weer 950 
«ee ; = 4 000 A T 
400 CT oe ++ 
Orit” SC CSCC TSO - aa ah Sal 
800 CT Der 1 sees 
00-TiS ~~ O CT  a iy. 2 =e 
‘ 1070 CT 
60-Tié ~~ 1000 CT 
1330 CT 
00-717 SSA S00 CT 
2000 CT 
b0-Tis 7500 CT 
____10,000 CT elit ine 
b0-Tid _ 300 CT 19 20—«S0—«C#M-T'19 
00-120 —i“‘CKOCTCS: gi 82 SOO OBI-¥20 
06-121 900 CT “53. —SS3-—~—S—«S00_—=COD-¥21 


? a ake 


00-122. ~—=«L S00 CTT 600 86 87 500 OI-T22 


sical SE I _____ | BO-TSH Drawn Hipermailoy shield and cover 20/30 db ———«éI-TSH 
—— 50/000 cr ; CT oS 0 OFS Ts pcma shown te fer single ended useage (under 5% distor distortion— 


vert 200,900 eT 5 8 888 10OMW-—IKC) ... . for push pull, DCMA can be be any belanced 24 valve 


——— 10,000 ¢T 
isocr 16 ~~» fi 4 cin 
_. ae 00-136 10,000 CT 


taken by .SW transistors (under 5% distort 
06-725 "0 OK iO 100 Ol-¥28 t DO-T & Di-T units designed for transistor application only. Pats. Pend. 
12,000 1800 CT * 00-137 thru DO-T44 newly added to series. 













The Design Equation 
that Saves You Money... 


NATIONAL 


RETAINING 
RINGS 


=improved design 
+ economy! 


Use easy-to-install, 
economical! National 
Retaining Rings to 
locate and position 
bearings or parts on 
pins, shafts and in 
housings. Eliminate 
grinding or machining 
shaft stock to form 
shoulders. You save 
time and material 
and reduce weight 
and space réquire- 
ments. Ask for data 
on your specific 
application, today! 





sists of two relays with armatures mech 
anically interlocked so that energizing 
one armature latches it in and releases 
| other armature. Coils and contact 
mechanisms of each relay are complete 
and independent except for latch-in 
levers. Operating voltages or currents, 






or contact arrangements of two relays, 
can be entirely different. Magnecraft 
Electric Co., 3350A W. Grand Ave., 
Chicago 51 
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TIME-DELAY RELAY 


Solid-state, 
timing operations has a delay range of 
100 millisec to 60 sec with 
cent accuracy. Contacts are DPDT on 


printed-circuit relay for 


ALL TYPES AND FINISHES AVAILABLE—Nationa! rings are supplied 
in square, round and rectangular types of carbon spring steel, bronze, 
ye stainiess steel and aluminum in a wide selection 
of finishes. Send drawings or sample part for recommendations. 


© 10 per 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 
NEWARK 5, NEW JERSEY ¢ MILWAUKEE 2, WISCONSIN 
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NEW 


sub-fractional h.p. 
WORM DRIVE 


GEAR MOTOR 


TYPE WGM 


-——o—Oo—o 
> a _— 


a exceptionally 


QUIET 





efficient / 


290 


low cost\ 


\ operation 
~ 


- 
~ es ans aoe 


A two-pole, shaded pole AC induction motor with totally enclosed die 
cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- 
reducer speeds, 14 to 300 rpm. Output torque up to 50 inch Ibs. at 4 rpm 
Precision worm drive. Output shafts, 4%", 4", 4%", 4%”. Mounts in any 
position. Ideal for motorized office equipment, revolving displays, vend- 
ing machines, remote TV tuning, etc. Optional: solenoid brake for fast 
stopping; overload thermal protection; varnish impregnated stator; stain- 


less steel or plated shafts. 


We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or 60 cycle; 
Y2 to 800 rpm.; torque up to 200 inch Ibs. Special gear-reducers designed 
to your requirements at low cost. Send for details 


Molon Motor & Coil Corp. 


3737 Industria! Avenve «¢ Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-F ractional Horsepower Motors and Gear Reducers 
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rated 2 


SPDT on 
amp resistive or 1 amp inductive. In- 
put power, 21 to 30 volts d-c at 130 
ma max. Recycle time, 50 millisec. 
Leach Corp., Controls Div., 5915 Avalon 
Blvd., Los Angeles 3. 
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INTERMEDIATE-POWER 
TRANSISTORS 


Diffused mesa _ transistors 
through 2N1650 are packaged in a 
7/16-in. stud-mounted hex package. 
Characteristics include power dissipa- 
tion, 20 watts at 100-C case tempera- 


operate, release; 


2N1647 


ture; typical saturation resistance, 1.7 
ohms at 1 amp; operating-current 
range, 50 ma to 2 amp; collector volt- 
age, up to 120 volts; typical beta, 25 
| to 45 at l-amp collector current. Appli- 
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Selecting the metal to fit the job can give you 
surprising savings in total cost 


mf © ee 


Small spring clips between telescoping parts of auto radio antennas must maintain electrical contact, hold 
parts firmly, give smooth sliding action. Brach Manufacturing Division of General Bronze Corp., Newark, N. J., 
found that spring clips of Duraflex® , Anaconda superfine-grain phosphor bronze, gave best positive electrical 
contact and improved smooth action in Brach Auto Antennas over original clips made of premium metals. The 
clips stand up in constant use, spot welding and fabrication are easier—and costs are about 25% lower. 


In this G-E Automatic Coffee Maker control, a thermostat turns cam actuating switches—for high heat to brew 
coffee, for low heat to keep it warm. At first, upper switch element was an assembly of blade, bushing, and 
locking nut. Tinnerman Products Inc., Cleveland, Ohio, engineered a one-piece Speed Clip to replace it—by 
forming one thread in the blade and two prongs to lock the screw (see inset above ). This simplification called 
for a superior phosphor bronze. Tinnerman found it in Duraflex, Anaconda superfine-grain skaaphee bronze. 
It has higher tensile strength and endurance limit for long-lasting dependability—greater formability for eco- 
nomical manufacture. The result: unit costs were cut— and G-E assembles controls faster, more easily. 6045 


Quality control and cost reduction can go hand in hand. The 
secret is often simply matching the metal to the job. And AIA S™rVA! 
Anaconda specialists, starting with 93 standard alloys, can 7 a 
offer an almost unlimited number of combinations of useful COPPER - BRASS - BRONZE 


properties. For creative help in meeting your problems, write NICKEL SILVER MILL PRODUCTS 
The American Brass Company, Waterbury 20, Conn. In 


Made by The American Brass Company 
Canada: Anaconda American Brass Ltd., New Toronto, Ont. 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
‘UP TO 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 250°C 


CERAMIC MEAVY TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


0 ee ee 
SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.*% * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


ETAT: 


MARK OF RELIABILITY 


Circle 304 on Inquiry Card 


cations: regulated power supplies and 
amplifier output stages. Transitron 
Electronic Corp., 168 Albion St., Wake- 
field, Mass. 
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SENSITIVE RELAYS 


The 5D2C relay, DPDT, and the 
5D3C, 3PDT, feature 5-amp self-wip- 
ing contacts with operating power as 


low as 25 mw per pole, d-c operation 


only. Contacts rated 5 amp, 28 volts 
d-c, or 115 volts a-c. Coil resistances 
available to 20,000 ohms. Standard 
coils range from 500 to 10,000 ohms 
with operating power of 100 milliwatts 
Kurman Electric Co. 191 
Brooklyn 22, N. Y 
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AIR-ACTUATED 
LIMIT SWITCH 


Air-actuated unit permits remote-con 


per pole 
Newel St 


trol operation of manufacturer's heavy 
duty limit switches. Device requires no 
air valve or air switch, permitting actu 
ation in formerly inaccessible places. 


In operation, air actuated unit is sup 


plied air at 40- to 80-lb pressure 
through air inlet and inlet orifice; this 
air is allowed to escape through bleeder 
line to bleeder orifice; closing of bleed- 
er orifice by any mechanical means 
allows air to build up to line pressure 
which operates air cylinder and limit 
switch. R. B. Denison Mfg. Co., 386 
Bedford, Ohio. 
Circle 581 on postcard at end of book 
(Continued on page 294) 
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10 good reasons for choosing Dynamatic 
Eddy-Current Speed Control Equipment 


1 Adjustable speed from AC power 
2 Accurate speed control 
3 Wide speed range 
4 Rapid response 
5S Low power loss 
6 Simplified construction 
7 Remote control (when desired) 
8 Quiet, efficient operation 
9 Low maintenance cost 


10 No commutators, rings, 
brushes, or rotating coils 


Magnapower Heavy-Duty 
Liquid-Cooled Coupling 


Using standard alternating current as a power source, Dynamatic 
Eddy-Current Couplings and Drives are the answer to practically 
all stepless adjustable speed requirements. 


A wide range of standard and special control features may be = — 
obtained from electronic or transistorized magnetic amplifier con- 


trol systems. The addition of an eddy-current brake to standard 
couplings or drives provides smooth, cushioned stops and con- 
trolled deceleration. 
ge ® =, 


Dynamatic Eddy-Current Equipment is available in sizes from 4 hp 

Ajusto-Spede Drives to heavy-duty Magnapower Couplings rated ORIGINATOR 

up to 20,000 hp—and larger. AND LEADING PRODUCER 
Place your speed control problems in the hands of experts. Our OF EDDY-CURRENT 
representatives, located in all principal cities, are fully qualified SPEED CONTROL 

to discuss your speed control problems and suggest Dynamatic EQUIPMENT 
Equipment that will do the best job for you. Call Dynamatic 

today—there is no obligation, 


May we Send You Illustrated Literature Describing Dynamatic Eddy-Current Equipment 


———— DYNAMATIC DIVISION ——————————_ 
MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE © KENOSHA, WISCONSIN 
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Write for 
Bulletins No. D-73 
and D-75 
or see 
Sweet's Electrical 
Catalog— 
Section 5b 


silent. sure... 
Mercu ry works better 


for you in Durakool Contactors 


Timer Relays-Switches 


All-Steel bodies with welded seals are rugged. | 
Hypressure Hydrogen Gas, permanently sealed 
inside, quenches arc, dissipates heat, insures low 


contact resistance. They just keep working. 


CONTACTORS 


Designed to handle heavy inrush currents. 
Silence is wonderful for studios and theaters. 
Enclosed contacts safest for explosive atmos- 
pheres. Up to 100 ampere continuous capacities. 


1, 2 and 3 pole combinations. 


TIMER RELAYS 


Durakool engineered metering system designed 
to be tamper-proof and dependable. Single 
moving port assures trouble-free operation. 


1, 2 and 3 pole combinations. 


SWITCHES 


Work in any position around diameter. 1 
ampere sizes are mercury to metal design, 
over 1 ampere are mercury to mercury. Avail- 
able uninsulated or insulated in any of a 


variety of materials. 


Durakool 


Elkhart, indiana, Durakool, inc., 1018 N. Main St. 

Chicago, lilinois, Durakool, Inc., Ren. 528, 333 N. Michigan Ave. 

Los Angeles 28, Calif., R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Bivd. 
Montreal, Que., Canada, Measurement Engineering Ltd., P. 0. Box 1352, Sta. 0. 
Newtonville, N. Y., Walter F. Haines, Apple Tree Lane 

New York 70, N. Y., Durakool of New York, 4747 Bronx Blvd. 

San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St. 

Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Rd. 
Hatboro, Pa., Raymond H. Barnes, 422 Tanner Rd. 


Circle 306 on Inquiry Card 


TOGGLE SWITCH 


Twenty-amp, double-pole Series 0111 
toggle switches are offered in a choice 
of mounting arrangements, terminals 
and circuitry. Electrical ratings (a-c) 
are: 20 amp, 125 volt, 144 hp; 20 amp, 


250 volt, non-inductive; 10 amp, 250 
volt, 2 hp. For nipple mounting; flush 
or bent two-hole cover plate models 
available. Insulation, molded phenolic; 
cover plate, cadmium-plated steel; con- 
tacts, silver-cadmium oxide. Electrical 
Div., McGill Mfg. Co., Inc., Valparaiso, 
Ind. 
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STEPPING SWITCH 


Electromagnetic stepping switch Series 
9C consists of a high-speed stepping 
motor and printed-circuit switch decks. 
“Cycloswitch” provides up to 240 steps 
or 12 rev/sec. Operating life averages 
25 million revolutions with light loads 
and adequate are suppression. Brush 


arrangements can be common to 10. 
ring, to 20-ring (or both) on one or 
two decks. Arrangements of three or 
more decks available. Operating power, 
% to 40 watts, depending on speed 
and number of brushes; current-carry- 
ing capacity, 1.5 amp at 250 volts d-c. 
Sigma Instruments, Inc., 42 Pearl St.. 
So. Braintree 85, Mass. 
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LIGHTED PUSHBUTTON 
SWITCH 


Oil-tight switch offers both a turn-to- 
test pilot light and lighted pushbutton 
in one unit. Before pushing button to 
start motor or other equipment, the 
button is given a half turn. This ener- 
gizes and tests lamp circuit without 
affecting control circuit. Six color caps 
available. Pushbutton switch is equip- 
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TO MEET PEAK REQUIREMENTS WITH ECONOMICAL GRADES... 
EVERY PROP! OF YOUR ELECTRICAL SHEETS 


You know the exact quality you must have for manufacturing 
rotating equipment. Acme-Newport makes electrical sheets to 
that precise specification. Unfailing analyses, tests and inspec- 
tion ensure absolute quality control, true gage structure, sheets 
that punch cleanly, with unbroken, smooth and even edges. By 
meeting your every quality requirement without having to over- 
grade, you save money on the sheets themselves. You profit too 
by fast, easy assembly, lower core losses, less aging, increased 
permeability. Your customer wins with increased motor efficiency. 


Large and small users for fifty years have recognized the out- 
standing quality and economy of Acme-Newport electrical 
sheets. Make this your source of supply, too! 
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FROM HEADQUARTERS 


y 
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H‘/H_RESISTORS 


ped with heavy-duty contacts for con 
stant-service industrial applications. 
Standard lighted pushbuttons also avail- 
able. Arrow-Hart & Hegeman Electri 
Co., Industrial Control Div., 103 Haw 
thorn St.. Hartford 6, Conn 


I 2 | Circle 584 on postcard at end of book 
applications | 


LOW-VOLTAGE 


commercial SILICON DIODE 


afl “Uni-Tunnel” diode is suitable for ap 
or military plication in computer logic, modulators, 
. i detectors, choppers and similar circuits 
: requiring low-level, high-conductance 
performance and good temperature 
stability. Diode especially suited for 
complementing tunnel-diode circuitry. 
Diode uses tunneling effect to provide 
high forward conductance at low volt 
age levels: when biased in reverse 
direction, tunnel-diode current charac- 
teristic appears as leakage current of 
micro-amp magnitude. Minimum for- 
ward currents of 12 types at 0.25 volts 
range from 0.5 ma for HU-5 to 10 ma 
for HU-100; maximum reverse currents 
(0 to 0.5 volt) range from 5 to 100 
pamp. Temperature range, 85 to 
+200 C. Housed in JEDEC TO-18 
package. Semiconductor Div., Hoffman 
Electronics Corp., 3761 So. Hill St., Los 
Angeles 7 
Circle 585 on postcard at end of book 


BACKWARD DIODE 


Germanium diodes exhibit maximum 
peak point current of 100 wamp and 
maximum forward voltage of 90 milli- 
volts at 1 ma. Valley capacitance, 3.5 
pf; series inductance, 1 yh; series re- 
sistance, 3.0 ohms. Reverse breakdown 
voltage, 480 millivolts at 1 ma. Units 
in TO-18 package are for low-level 


switching and small-signal applications 
cee aan q Lit with uhf circuitry. Possible applica- 
. 


These high reliability components incorporate special design 
and construction features that assure the highest degree of 
dependability under the most adverse operating conditions. 
Non-crazing high temperature gray enamel, stronger core, 
welded wire connections, higher shock resistance, immunity 
to salt spray and humidity are advantages inherent in all H-H 
resistors. Fixed, ferrule and adjustable types comply with 
MIL-R-26 specifications and meet EIA standards. 


tions include use of device as unidirec 


*Where Space is a Factor — 

specify H-H Biue Ribbon Space Saver Resistors. Sold through author- 
ized H-H distributors nationwide. Call or write for catalog including 
both Gray Line and Blue Ribbon Resistors, MIL Types, mounting 
brackets and accessories. Ask for your copy, now! 


HARDWICK, HINDLE - INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 
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Beldtherm is a polyester film-coated magnet wire with 
excellent thermal stability. 


It is recommended for temperature ratings of 130°C 
to 155°C—depending upon application, a most 
important point. 


LARGE MOTORS Beldtherm is designed for use in 
stator windings operating at hottest spot temperatures 


ipplications from 130°C to 155°C 


of 130°C. This temperature may be exceeded pro- 
vided there is minimum winding and forming abuse, 
and factors such as radii of coil bends, wire turn cross- 
overs and pressure between turns are favorable. 


TRANSFORMERS Beldtherm, with other suitable 
material in the insulation system, is suitable for dry 


type transformers operating at temperatures up to 
155°C. 


Other Belden Magnet Wire: Beidenamel*, oleoresinous « Beldsol*, polyurethane-nylon « Beldure*, polyurethane « Beldbond*, 


polyurethane—bonding agent « Celenamel*, cellulose acetate « Formvar, vinyl acetal « Nyliclad*, vinyl acetal-nylon 


mh 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
1-1-0 CHICAGO 


"Belden Trademork 
Reg. U.S. Pot. Off. 
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one wire source for everything 
electrical and electronic 


lead wire * power supply cords © cord sets * portable cordage * electronic 


wire * control cables * avtomotive replacement wire and cable © aircraft wire 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering hes been coordinated 
with electric motor design te 
provide o@ versatile means for 
ebteining the full possible od- 
ventage of speed contro! in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlied “Thyretron” 
tubes ore utilized for power con- 
trolied stepless varietion to sup- 
ply motor armature power 
Patented feedbock, or “Servo” 
circuits provide constant torque 
Capability over wide speed ranges 
of os high os 60 to 1 in some 
models and co minimum of 20 
to 1 in others. 


DIV. of ELECTRO DEVICES. Inc 
re Godw a] Ave Pate ‘ates a 5 
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NOW... 


smaller than ever 
TYPE LK rectangular 


High Voltage 


CAPACITORS 


Other advantages include: 
If you require a smaller capacitor * superior resistance 
with much longer life, find out about ° anne aaie's seteiiite 
our Type LK. Designed for 4 times co r 
the life of MIL-C-25A with ae 
case sizes as much as 80% smaller. 600 to 50 volts 
For full details, write for Bulletin LK. 


Have you received our pocket size ‘Comparator’ 
FREE! and “Conversion chart?” Write today! 


Tee Te 


2620 N. Clybourn Chicago 14, Illinois 0! 8-3735 
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tional coupling element in tunnel-diode 
circuits and for low-voltage clamping 
circuits. Characteristic curve — illus- 
trated; horizontal, 0.1 volt/div; verti- 
cal, 1 ma/div (large div). Lansdale Div., 
Philco Corp., Church Rd., Lansdale, Pa. 

Circle 586° on postcard at end of book 


TRANSISTOR ACTIVE 
FILTER 


Type 252 filter is a tuned amplifier 
containing a linear transistor amplifier 
and RC Twin-T feedback network. Re- 


sulting response approximates that of 


resonant LC circuit. Components con- 
tained in hermetically sealed can. Power 
required, 12 to 24 volts d-c. Forward 
gain, 20 db approx; Q, up to 20. For 
any center frequency from 1 eps to 5 
ke. White Instrument Laboratories, Box 
9006, Austin 17, Texas 

Circle 587 on postcard at end of book 


WIDEBAND TRANSFORMER 


Transformer 1210-C covers a frequency 
range of 20 ke to 10 mc. Impedance, 
75 ohms unbalanced to 600 balanced 
Unit will handle 1 watt of power. Epoxy 
encapsulated in aluminum shield can, 


4 in. on a side. Transformer can be 
used for antenna matching, interstage 
coupling, impedance matching, com 
puter-drive circuits, pulse applications, 
voltage step-up and d-c isolation. North 
Hills Electronics, Inc., Glen Cove, L. L, 
N. Y. 

Circle 588 on postcard at end of book 


(Continued on page 300) 
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SWITCH SHOWN ACTUAL SIZE 


Specify National Acme’s SL2X . . . and eliminate limit switching problems under explosive conditions. Tested and 
certified “‘explosion-proof” by both Underwriters’ Laboratories and the Bureau of Mines, the SL2X is specifically 
designed for use in the mining, chemical, process industries . . . anywhere explosions cannot be tolerated. Latest of 


National Acme’s dependable SL2 “Machine Life” Limit Switches, the te * = 
SL2X also offers . . . a variety of cam arrangements for extreme opera- a i o ” es 
ting flexibility . ample overtravel (67°) and by-pass (90°) . . . light THE NATIONAL 


' ; _ om COMPANY 
operating pressure (12% Ibs. at 1%” radius). Get all the details on this new € re a Gani «ae 


standard of limit switching dependability and safety. Call, write Or Wire. Seles Offices: Newark 2, N. J., Chicage 6, Iil., Detroit 27, Mich 
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Your Variable Speed 
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Put Lovejoy’s exclusive in- 
dividuvalized service to work 
for you...a complete line of 
variable speed pulleys and 
transmissions — plus person- 
alized engineering guidance 
to assure full satisfaction. 


Here's how it works... 
a simple and convenient two-step plan: 


1) Lovejoy sends you full informa- 
tion on the types of variable speed 
pulleys and transmissions available 
... along with a guide sheet to 
help you supply us with pertinent 
information on the type you need 
and the service you require. 





Type 160 Pulley and No. 200 Tilting Motor 
Bose proved the right combination for a 
mailing machine. 





Proper drive for a slat bed rip sow is 
provided by ao Type 302 Pulley. 





@ Speed ratios: up to 10 to 1 
@ Horsepowers: fractional to15 
@ Constant belt alignment 






@ Instant speed changes while 
equipment is running 
@ Easily installed 
on new or old 
equipment. 












2) Depending on your require- 
ments, Lovejoy rushes recommen- 
dations, blue prints, suggested 
solutions to problems... or, if you 
desire, will send a representative 
to give you first-hand assistance. 
For standard or relatively simple 
applications, cost quotations can 
be furnished immediately. 





Type 135 Pulley meets all requirements on 
o vibrating machine. 





This Lovejoy “double” solved a grading 
machine problem —Type 145 Pulley ond 
No. 2 Select-O-Speed. 


Save time and expense. Get your Variable Speed 
Pulley Guide by requesting Form 118F today. 


MINIATURE TRANSFORMERS 


The UM34M transformer is 1% in. in 
diam by % in. high. Primary is 10 k 


ohms; ohms, both 


/™ Yop 


secondary, 600 





Power level, 500 mw 
Microtran Co., Inc., 145 E. Mineola 
Ave., Valley Stream, L. L, N. Y. 
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DRY-FILM LUBRICANT 


Molybdenum disulfide plating solution 


center-tapped 


is applied by brush and forms a dry 
lubricating film after 3 hr. Plated layer 
meets MIL-M-7866 requirements. Film 
operating temperature range, 500 to 
+-1500 F. Topper Manufacturing Co., 
Inc., Electronic Systems Div., 84-56 
Parsons Blvd., Jamaica 32, N. Y 
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DISK MEMORY 
Model UMM-3A magnetic memory for 


commercial, industrial and military 
applications incorporates an 8-in. disk, 
a speed of 1BO0 rpm, 50 heads, write 


current of 30 to 60 ma _ peak-to-peak, 





read voltage of 75 mv peak-to-peak, no 
dropouts, less than 15 per cent modu- 
lation pattern, capacity of 400,000 bits 
and life of over 5000 hr. Pulse-packing 
densities in excess of 1000 in. can be 
supplied 10131 National 
Blvd., Los Angeles 34. 

Circle 591 on postcard at end of book 


RANDOM-ACCESS 
MEMORY 


Small, general-purpose memory provid 


C,enesyvs, 


ing asynchronous operation at rates to 
200 ke is available in capacities from 
128 to 1024 words with word lengths 





from 4 to 24 bits. Type RB memories 
may be 


CHICAGO 44, ILLINOIS 






operated in random-access 
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DELAY LINES, INDUCTORS, 
FILTERS AND CHOKES... 
ARNOLD IRON POWDER CORES 
CUT COSTS 


Iron powder cores are commonly speci- 
hed for such applications as delay lines 
(illustrated below), inductors, filters and 
fileer chokes because of their inherent 
low cost. And Arnold cores are your 
logical choice, for the principal reasons 
of superior dependability and the wide 
selection available to you. 

Arnold's overall magnetic knowl- 
edge, and unequalled facilities for 
manufacture and test, are of prime im 


portance im assuring you a source of 






SEPTEMBER 1960 


cores that are highly uniform, shipment 
after shipment. You'll find them de- 
pendable, not only in permeability and 
resultant inductance at high frequen- 
cies, but in high mechanical strength 
and dimensional accuracy as well. 
The Arnold line also offers a wider 
range of shapes and sizes of iron powder 
cores for your selection than any other 
one brand on the market. It includes 


bobbin cores, cups, toroids, plain, sleeve 


and hollow cores, threaded cores and 


Circle 314 on Inquiry Card 


insert cores, etc. Facilities for special 
cores to your order. Ask for new Bulle- 
tin PC-109A. @ Write The Arnold 
Engineering Company, Main Office 
and Plant, Marengo, I/linois. 


ADDRESS DEPT. EM-9 


a ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST In the YELLOW PAGES 
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HEYCO STRAIN RELIEF BUSHINGS 


for standard and special wires and cables ¥ 


The Approved Standard for 


Insulating and Anchoring 
ELECTRICAL 


HEYCO JUNCTION-TERMINAL BUSHINGS 


Miniature insulated receptacle for use with 3/16" quick 
disconnect terminals. Completely insulated Nylon body. 


Snap-in Assembly - Color Coded 


\ 


Eliminate “Pig-Tail% Wire Leads 


Piste te tbanhootedense 


Adjusts and fits into curved surfaces. 
Available single or connected in units 
from 2 to 5. Color and Number Coded 
Mate with %._” or 4” female terminals 


© @ HEYCO onap Bushings 


Snap locks into panels up to 4" thic 
finger pressure — 35 Ib. push back test. 
10 sizes for holes from % to 1%" dia. 
various inside diameters. 





Nylon provides complete electrical in 
sulation and rugged mechanical pro- 
tection for Electrical wire & cable 
Tubing & hose—Rope & cable-Bearing 
surface for moving parts 

Same bushings available 


without holes 


HEYMAN 
MANUFACTURING 
COMPANY 


KENILWORTH 1, NEW JERSEY 


Hey Mon... Sey HEYMAN! 
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mode, as sequential-access buffers, or 
any combination of both without loss 
of speed. Applications include small 
digital computers, automatic control, 
data editing and format revision, and 
automatic checkout programming. Tele- 
meter Magnetics Inc., P. O. Box 329, 
Culver City, Calif. 

Circle 592 on postcard at end of book 


FERRITE CIRCULATOR 


K,-band tee circulator will handle 20 
kw peaks and average power of 20 
watts. Size is 14, in. on each side. Iso- 
20 db min; 
insertion loss, 0.5 db max. Design fre 


lation between channels, 





quency, 34.5 to 35.1 kme, providing 
0.7-kme bandwidth. Maximum VSWR, 
1.20. Circulator used with RG 96/U 
waveguide and mates with modified UG 
600/U flange. Airtron Div., Litton In- 
dustries, 200 E. Hanover Ave., Morris 
Plains, N. J. 

Circle 593 on postcard at end of book 


GAS-VAPOR DETECTOR 


Model H-160 “Humistor” detects and 
measures concentrations of various 
gases and vapors which exhibit electric 


dipole moments. As humidity indicator, 


: 
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PROVEN, DEPENDABLE ... REAR-PROJECTION TYPE 


SUES Sues DIGITAL DISPLAYS 









PRODUCTION 
WIRE STRIPPERS 


Series 10000 Meet More Needs — 
5%” len 
$18.00 e 
OUTSTANDING FEATURES guaen tines 


© All digits displayed on front viewing screen aie Hey 

© All digits uniform in size and intensity 11'¥,4” long 

© High-contrast viewing screen $33.06 each 

® Digit style of your choice Series 120000 

* Colored digits of your choice 1” wide 

® Individual units may be group ossembled 14,4” high | 
| 


Solve More Problems 


IDEAL Production Strippers are generally 
known as “the fastest on the market.” What- 
ever your needs, even if you don’t consider 
them problems, an IDEAL Stripper will give 
you better work, faster and cheaper! Below 
is solid evidence — a condensed list of wire 
stripping needs that IDEAL Strippers are 
called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter .. . 
Any cotton, silk, synthetic (plastic) insula- 
tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 
. . . Plus most types of Film Insulated Wire 
(AWG #50 to AWG #0) as close as 
4” from the body of the winding or coil 
form. 


Shown are just two widely used models. Six 


for ponel mounting $35'80 souk 


WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS | Quantity Prices 
Representatives in principal cities On Request 
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WEAR-FRICTION COMPARISON 
GENERAL ELECTRIC VS. CONVENTIONAL MOTOR 





) 
TYPICAL, CONVENTIONAL COMPOSITION BEARING IN s 

z cesen SHURE ie ARATE a peli ieeenee re | other models and types are also available for 
= 02 + DECREASE IN COEFFICIENT OF FRICTION) | any degree of specialized stripping you need. 
2 , i} 2 ” 
‘ onan afl We'll be glad to “prescribe” — see below. 
. — = oe ae | 
7 } ee ep es es 
° ' 
S of j TYPICAL GE UNITIZED 59-FRAME BEARING } 
w ,(SUPPORTS LOAD ON HYDRODYNAMIC FILM) | 
u 
vy — ~ 
° RISE IN CURVE AFTER 300 RPM OVE TO 
W HYDRAULIC RESISTANCE, NOT WEAR 

° 

100 400 800 1200 1500 1800 


SPEED iN RPM 


New Wuiuilized * shaded-pole motor 


reduces bearing wear and noise 
General Electric Unitized shaded-pole stripping of most types of 


Quicker, cleaner stripping of 
all types of film insulation. 
Wire size AWG #50 to #25. 
REPLACEMENT WHEELS: 
IDEAL offers top quality at 
less cost per pair than the 
average of other good quality 
wheels. 


For high-speed production 


single conductors, solid or 
stranded wire up to a maxi- 
mum of 3/8” outside diameter. 


motors are designed to drive tape re- 
corders, business machines, portable 
appliances, fans, and similar machines. 
A new lubrication system reduces bear- 
ing wear and noise. Thus, in normal 
operation, quiet sleeve bearings need re- 
oiling only once a year. These motors 
can be stud- or band-mounted at all 
angles. Available in open or enclosed 
models. | 
* Trademark of General Electric Co 








FREE CONSULTING SERVICE 
— SEND US SAMPLES OF YOUR WIRE 
We'll put your wire samples through our Test Laboratory and 
return them te you with a written report, showing you ovr 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 


DEAL) Sold through America's Leading Distributors 


In Canada: Irving Smith, Lid. Montreal 
IDEAL INDUSTRIES, Inc. 


1008-1 Park Avenve, Sycamore, Illinois 





G-E Unitized motor. 
FREE Write to Section 727-01, From 1/1000 to 1/15 
BULLETIN Schenectady 5, N. Y. hp, 1550 rpm, 4 pole. 


GENERAL ELECTRIC 
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NEW 
*“BUILDING 
BLOCKS” 
... for automatic riveting 


Milford’s Models 
56 and 57 offer 
unlimited 
flexibility in 
automatic assembly 


The narrow wedge shape of Milford’s new 
ait-actuated riveters permits unusually close 
riveting. Both models can be combined with 
sliding-fixtures, indexing tables or similar 
attachments to give greatest flexibility of 
assembly. Air-operated toggle action assures 
fast and safe action. Model 56 handles tubu- 
lar rivets from %” diameter x %” length; 
Model 57 from 3/16” diameter x 3/4” length. 


Group these new “Building Blocks” to suit 
your own production needs. Use them singly, 
in pairs, in threes, fours or even fives. Multi- 
ple riveting is the newest answer to reducing 
production costs. 


For more new ideas, tips and technical 
data on tubular rivets and rivet-setting ma- 
chines, ask your Milford Representative for a 
look at Milford’s new MANUAL OF MODERN 
RIVETING PRACTICE 


MILFORD 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO © AURORA, ILLINOIS @ NORWALK, CALIF. 
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resistance is 1000 megohms at 25 C 
and 25 per cent RH; 1 to 2 megohms 
at 25 C and 98 per cent RH. Not sensi 
tive to temperatures from 0 to 100 C. 
Conrad-Carson, Inc., 3110 Goddard 
Way, Lindbergh Field, San Diego 1, 
Calif. 

Circle 594 on postcard at end of book 


RING COUNTER 


Model PRC-10 preset decade ring coun- 
ter has a reverse facility for reducing 
total stored in ring by one count each 
time an input pulse is received. Process 


of counting, reversing, counting, etc., 
may be repeated indefinitely. “Carry” 
output provided. Counts at rates to 100 
ke. For industrial control, data process- 
ing, positioning, timing, etc. Magnetics 
Research Co., 225 Grove St., White 
Plains, N. Y. 

Circle 595 on postcard at end of book 


CERAMIC SEALING 
BUSHING 


Crushable S-49 sealing bushing, for 
metal-sheathed tubular heating  ele- 
ments and thermocouples, provides 
permanent sealing of high-temperature 
elements without curing or glazing 


Bushings are assembled into tube ends, 
compacted to high-density state and 
annealed, resulting in formation of 
bead which is highly resistant to mois- 
ture. Saxonburg Ceramics, Inc., Saxon- 
burg, Pa. 

Circle 596 on postcard at end of book 
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source for 
ae way 


or MA. wy MIDGET SOLENOID VALVES 


Progressive designers, the men who lead the trend 
toward miniaturization, depend on ASCO as the one 
source for a full line of midget solenoid valves. The 

SHOWN % ACTUAL SIZE FF unexcelled quality and dependability that ASCO 
: pioneered in the solenoid valve field is found, too, in 
today’s midget solenoid valves. Only the size has 

been reduced, 


For flow applications using air, gas, water, light oil, 
refrigerants and many other liquids, ASCO Midget 
Valves assure complete safety and truly exceptional 
performance. 

ASCO Midget Solenoid Valves are available with 
standard, watertight or explosion-proof enclosures. 
Pipe sizes %” and 4”; pressure range 0-1000 psi. 


There’s one source that solves virtually any solenoid 
valve problem— ASCO. Write today for complete 
data on ASCO Midget Solenoid Valves—or outline any 
of your requirements. We'll be pleased to assist you. 


ASCO Valves Bi: y\w' 


Automatic Switth Co. som HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES +» SOLENOID VALVES * ELECTROMAGNETIC CONTROL 
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NEW—CONTINUOUS READING METER-RELAY | v-sanp cavity 


Planar tube oscillator is tunable from 
920 to 1400 mc. Dual cavity with tunea 
plate and cathode is controlled by 


“INDICATES AND. CONTROLS 


single leadscrew. For up to 50-watt CW 
or pulse transmitters, signal generators, 
etc. Electron tube used is 2C36. General 
Communication Co., 681 Beacon St., 
Boston 15. 
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TEST JACK 

Type 119605 jack has threaded, all 
nylon body in eleven standard colors 
Heat-treated, silver-plated beryllium- 
copper contact withstands 48-hr salt 


spray test. Jack accepts standard 0.080- 
in. diam test probe. Peak voltage before 
GIVES CONSTANT CONTROL flashover is 10,000 volts at 5 amp. In 
sulation resistance, 5000 megohms 
Ucinite Co. Div., United-Carr Fastener 
UPSCALE OR DOWN Corp., 459 Watertown St., Newtonville 
60, Mass 


Circle 598 on postcard at end of book 
API's new Continuous Reading Meter-Relay (CRMR) can do a 


diversity of control jobs for you. It will monitor and control just NEMA 12 ENCLOSURES 

about any variable that can be translated to electrical values. It will Extra-heavy panel enclosures, manu 
handle low-level microamp or millivolt signals without amplification. 

In many applications, the CRMR’s high sensitivity will permit sim- 

plification of control circuitry. In any application, it will give 

accurate (+2% or better), non-cyclic control. 


The CRMR is simple. It consists of a D’Arsonval meter with 
toggle-mounted contacts; a load relay does the control switching. No 
Signal-sampling interrupters are required. Reset is automatic and 
instantaneous. 


Reliability? The CRMR is right now in service on such critical 
applications as monitoring radiation level. 


Our Bulletin S-2-1 shows how the CRMR works, and gives full 
details on available ranges and prices. The latter, not incidentally, 
are a lot less than you might expect for so versatile an indicating 
control. 


ASSEMBLY PRODUCTS, INC. 


Chestertand 14 Ohio 
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Textolite’ /reliability 


for automated production... 


PUNCHES 
CLEAN, 
COLD... 


Textolite’ 11572 


XXX-P LAMINATE 


To assure superior terminal boards and strips, many fabricators and 
manufacturers of electronic components specify G-E TEXTOLITE 
11572 cold-punch laminate. They find 11572 punches easily — cleanly 
at normal room temperatures, thus assuring accurate punching, time 
after time. As a result, 11572 is not subject to variations of thermal 
expansion which occur in laminates requiring a heating cycle. 


G-E TEXTOLITE 11572 is a high quality, inexpensive paper-base 
laminate recommended for use in electronic applications using high 
voltage at radio frequencies. It has high insulation resistance, low water 
absorbtion and is impervious to solvents used in circuit printing proc- 
cesses. Its outstanding product uniformity assures no variation from 
piece to piece. 


Available as an unclad or copper-clad laminate with 1 or 2 oz. of copper 
on either or both sides, it exceeds standards set by NEMA for XXX-P 


grade laminates. 


If your plans call for a dependable plastic laminate with excellent 
punching characteristics, specify G-E TEXTOLITE 11572. For com- 
plete information write: Laminated Products Department, Section 
EM-90, General Electric Company, Coshocton, Ohio. 


- Progress /s Our Most Important Prodvct 
4 GENERAL @® ELECTRIC 


COSHOCTON, OHIO 
COMMUNICATIONS 
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factured to current JIC standards, house 
electrical controls and serve as terminal 
boxes and instrument enclosures for 
machine-tool wiring and other applica- 
tions. Liquid-tight, extra-heavy enclos- 
ures come in single and double-door 
models, in sizes ranging from 16 x 12 
x 6 to 72 x 60 x 12 in. Keystone Manu- 
facturing Co., 23328 Sherwood Rd.., 
Warren, Mich. 
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QUICK-DISCONNECT 
CHASSIS SLIDE 


Model 130-QD and 150-QD ball bearing 
slides feature quick disconnection of 


chassis-holding section of the = slide 


locking in the extended position, and 
simple replacement of chassis-holdin : 
section. Available in lengths to 36 in 
Slide thickness is 1.98 in. for 130-QD 
(handling weights to 75 lb per pair) 
and 3.50 in. for 150-QD (weights to 
200 Ib per pair). Slides have positive 
locks in open position, preventing mo 


Can a silicon rectifier ee ne 


inner channel is inserted fully, and 


Solve your problem? ——ivsina” tin “ine shasn 


prior to depressing spring-loaded detent. 


It might, if you have a problem in DC power sources. For Maximum width of 3-member telescop- 
example, some time ago C & D needed a high efficiency, con- ing slide, 0.50 in. Jonathan Manufa 
stant potential, current limiting DC power supply. Output turing Co., 720 E. Walnut, Fullerton, 
had to be held within + 1% over an AC input variation of + Calif 
15%. In addition, maintenance would have to be virtually nil. Circle 600 on postcard at end of book 
The answer was found by using a silicon rectifier in com- 
bination with simplified components that became the heart CHASSIS SLIDES 
of C & D’s AutoReg® charger. AutoReg chargers provide 
continuous, automatic, unattended charging of industrial 
storage batteries. With the exception of a timing circuit 
there are no moving parts. There are no relays to adjust and are for industrial and military use. SC 
practically no maintenance is required. models for commercial application. All 
Now, C & D has expanded facilities of the AutoReg plant accommodate 17-in. chassis. Quick de 
to provide industry with similar DC sources, which incor- tach and tilting models may be ob 
porate silicon rectifiers and automatic regulation. Final form 
of these units can supply power in a range from milliwatts to 
megawatts, depending upon your requirements. 
Companies with a problem in DC power sources should 
write, giving a general outline of their requirements, to: 
Vice President in Charge of Engineering 


AutoReg’ Power Sources 


TMre@eézéenoHeATtTERIEeC S 
of Corushohocken, St Attica, Ind 


OIiv THE E£LECTHIcCc AUTOUWITE CoO 


Six types of chassis slides are available 
in three sizes for each type. SI models 


Manufacturers of Slyver-Ciad® industrial Batteries - PlastiCell’ and PlastiCal® Batteries for Communications, Control, and 
Auxiliary Power + Producers of AutoReg® Silicon Chargers and AutoCal’ Charger-Battery Combinations 
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‘‘Explosion-proof EX T signs ! 


Where do you expect me to get them ?”’ 


Look in your Crouse-Hinds catalog, of course. There’s nearly every- 
thing you could want for hazardous areas listed there. Nine different types 
of explosion-proof telephones. . . horns, bells, clocks, pilot lights, instrument 
enclosures, gauge lights. Even X-Ray film illuminators. And, of course, 
modern designs in all the familiar explosion-proof motor controls, switches, 

plugs, receptacles, panel boards and lighting fixtures. UL-listed for 
every Class and Group in Article 500, National Electrical Code. 


So, whether you're looking for conventional or out-of- 
the-ordinary explosion-proof electrical devices, contact 
Crouse-Hinds. If you design, buy or work with hazardous- 
area equipment, a Crouse-Hinds catalog should be on your 
desk. Ask your Crouse-Hinds Representative. 


As you can see, they found the explosion-proof 


exit sign. It’s Crouse-Hinds No. EVA139. Oe FP EDS 


NEW YORK 


OFFICES: Atlanta Beton Rovge Birmingham Boston Buffalo Charlotte Chicogo Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indianapolis Kansas City 
les Angeles Milwoukee New Orleons New York Omoho Philedelphic Pittsburgh Portlond, Ore. St. Lovis St. Paul Salt Lake City Son Francisco Seattle Tulsa Washington 


RESIDENT REPRESENTATIVES: Albony Boltimore Reading, Pa. Richmond, Va. 
Crovse-HMinds of Ceneda, Lid., Torente, Ont. Domex, Mexice City, D.F. Peterce, Seo Pavie, Brazil 
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E-T-A 
Motor PROTECTORS 
for highest Performance and Safety 


Check the advanced design of E-T-A protectors and 
see why they are superior to conventional types! 


greater power is packed into smaller motors. This 
miniaturization requires protectors with pin-point 
accuracy provided only by E-T-A! Precise calibra- 
tion is guaranteed by co-ordination of bimetal ele- 
ment, heater coil and infinite contact adjustment. 
Ideal for built-in and remote protection. E-T-A 
offers you a better product at lower cost. 


©200000000 0 


For engineering assistance call or write — 


PRODUCTS COMPANY OF AMERICA 


6284 WN. Cicero Ave., Chicage 46. fil. 


Phone: Kildare 5-1553 
IN CANADA: E-T-A Products of Canada Ltd. 
265 Craig St. West, Montreal 1, Que. 
Phone: UNiversity 1-5998 
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tained. Aluminum and stainless steel 
construction. Bud Radio, Inc., Cleve- 
land 3, Ohio. 
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QUICK-OPERATING NUT 


Push-On Speed Nut is designed 
especially to fasten protective rubber 
bumper strips to appliance bases. 
Fastener is slipped over end of strip 


and held against base while rubber is 
pulled through clearance hole, wrapped 
around base, and anchored at opposite 


| end with another Push-on. Tinnerman 


Products, Inc., Box 6688, Cleveland, 


| Ohio. 
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HIGH-TEMPERATURE 
WIRE 


Hook-up lead wire BB-1000 is in- 
tended for continuous service at 1000 
F. Typical 18-AWG wire electri 
strength, 9000 volts, dropping to 3500 
volts after 5 hr at 1600 F. May be used, 
without adverse effects, in high-inten 
sity nuclear radiation. Birnbach Radio 


Co., Inc., 145 Hudson St.. New York 13 
Circle 603 on postcard at end of book 


HEAT-SHRINKABLE 

TUBING 

Irradiated polyolefin tubing material 
heat-shrinks in diameter (at 275 F) to 
form a tight bond, even over irregular 


| shapes. Heating will not affect flexi 


bility of tubing. Longitudinal shrink 


| age, less than 10 per cent. Resistant to 


Pa 


| most chemicals. Tubing also resists 
| fungus growth. Available in black, 


white, red, blue and yellow, in sizes 
from 4 to 24 and standard lengths of 
4 ft. Pigtail connection illustrated 
shows four possible applications. Se- 
quoia Wire & Cable Co., Dept. EFL, 
2201 Bay Rd., Redwood City, Calif. 
Circle 604 on postcard at end of book 
(Continued on page 312) 
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All Purpos: } 
COPPER ruse / 


a a Of, 


For rigid 


HUSSEY COPPER AND BRASS 
TUBING & PIPE 


Copper All Purpose Tube 
o 


Copper Water Tube 
(Types K, L, M) 
. 


Copper Refrigeration Tube 
(Dehydrated and Sealed Ends) 
. 


Copper Pipe 
* 
Brass Tube 
(also squere, rectangular, 


hexagon) 
. 
Red Brass Pipe 


7 Convenient Warehouses 


PITTSBURGH CLEVELAND 
ST. LOUIS 


NEW YORK 
PHILADELPHIA 


CHICAGO 
CINCINNATI 


SEPTEMBER 1960 


requirements 
specify flexible 


Copper Tube 


Of course, copper tube is flexible in the sense 
that it forms easily. It is flexible, also, in its 
range of applications because the combination 
of properties it provides is not found in any 
other material. 

For the finest quality copper tube, always 
specify Hussey . . . available straight or coiled 
in sizes, wall thicknesses and tempers to meet 
your most critical requirements. 


Cc. G. HUSSEY & COMPANY 


Division of Copper Range Co. 
Rolling Mills and General Offices 
PITTSBURGH 19, PENNSYLVANIA 
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CAPACITORS FOR SCR 


if Capacitors for silicon controlled recti- 
fier applications are primarily used in 


commutating circuits where the rectifier 


fF 1 it iy ae: \ S i 1 i Ny E R Puy 2ocetad tal naa oe 
FOR INDUSTRY FROM _ 


Light Electric 


————$——__—__—_—__—— =e turns off rectifier. Typical applications 


. 4 Bed are d-c to a-c inverters, a-c to a-c fre- 
High quency changers and d-c_time-ratio 
see power control circuits. Stud-mounted 
i units available from 1 to 4 gf and for 

voltage 140 volts peak a-c and frequencies to 
10 ke with proper cooling. Rectangular 
units supplied with capacitance to 60 

AC Power wf and voltages to 200 volts d-c. Ca- 
pacitor Dept., General Electric Co., 


Hudson Falls, N. Y. 


supply . ; f Circle 605 on postcard at end of book 


SILVERED-MICA CAPACITOR 


for test ; Miniature DM-10 is approximately 


5/16 in. long, 4 in. wide and % in 
thick, with parallel leads. At working 


FTN ieee a coistier = poe ggetialtat 


is | pf through 360 pf; at 300 volts. 
capacity range is 1 through 300 pf; 
at 500 volts, 1 through 250 pf. Operat- 
ing temperature, to 150 C. Electro-Mo- 


Circle 606 on postcard at end of book 
ssn | 22m, c0ep,19 | oxsomveiom |e | | or | 
SIZE 11 SYNCHROS 


Other sizes available up to 50 KVA and 100 KV L ada sym a whic 7 meets MIL-S.- 
— . 2071 s stable ove e te ere > 
(Larger sizes can be furnished with control unit in separate cabinet) = ae ee Sener 





range of 55 to +-85 C. Higher-tem- 
© oil immersed high voltage transformer is supplied by motor driven powerstat 
© metering — input and output amperes, output voltage 

© overload protection and zero start lock-out relay 


perature-range units available. Syn- 
chro units feature through-bore con- 
struction and stator potted in housing. 


For quotation be sure to specify: line voltage and (Continued on page 314) 


frequency; output voltage range; output current de- 
mand; metering desired and application, if possible. 


Light Electric Corp. 


218 Lackawanna Avenue, Newark 4, New Jersey 
Telephone: HU 5-4110 


\ 





PLATE TRANSFORMERS 
Gry or oil immersed 
1 to 250 KVA 
rectified outputs to 
75 Kv OC 
50, 60, or 400 cps 


UNITIZED RECTIFIERS 
oil immersed to 100 KVA 


! 
| 
rectified outputs to | transformers for 
75 KV OC | corona testing 


unit high voltage test sets 
reduced corona 


UNITIZED CONTROLLED Power | MISCELLANEOUS 


| 
| 
| 
| 
SOURCES j audio output transformers 
FILAMENT TRANSFORMERS saturable reactor or 5 cps to 10 ke 
| i 5 to 30 KVA 
low capacitance amplistat control 
high reactance | capacities to 100 KVA ! saturable reactors 
multiple coil | AC or OC outputs for furnace | 1 to 100 KVA 
| or plating applications | amplistat for control of 
rectifier output 
CHOKES {| LABORATORY EQUIPMENT | current limiting reactors 
filter | high voltage testing ' tapped furnace or 
charging | transformers | annealing transformers 





w 
N 


Circle 327 on Inquiry Card ELECTRICAL MANUFACTURING 





SEPTEMBER 1960 


oo a 


— 
) 


Belden 


fy 


Power Supply C ond 
bed eo 
leading os 


— 


» » » THERE'S ONE JUST RIGHT FOR YOURS! 


For power tools, machine tools, industrial 
equipment, electric motors, large appli- 
ances, business machines, and other prod- 
ucts having heavy-duty power supply 
requirements, Belden offers a complete 
line of 2 and 3-conductor cords and cord- 
age. Belden power supp! y cords are manu- 
factured to the highest quolity standards 
and bear the UL Flag Label with the SECC 
emblem—your guarantee of safe product 
operation. 


one wire source for everything 
electrical and electronic 


Belden Grip Prong® Plugs stoy in the 
outlet— provide dependable service on oll 
equipment. 
Grip Prongs expond 
ond grip sides of slot 


Positive electri. 
cal contact even 
in worn outlets. 


No stroin. Prevents 
damage to electri. 
cal contocts 


* Belden Grip Prongs—¥. S. Patents: 2.499.767; 2.671.205 
Canadian Patents 438,585, $06,946 


Magnet Wire * Lead Wire « Power 
Supply Cords ¢ Portable Cordage « 
Electronic Wire ¢ Control Cables 


aL 


WIREMAKER FOR 
SINCE 1902 
CHICAGO 


I 


INDUSTRY 


PT 
| 
| 
| 


{ 
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Richardson laminated and fabricated parts outperform many 
other materials used in the electrical /electronic fields because 
of their unique and different combinations of desirable plastic 
properties. In special degrees, INSUROK grades have: (1) 
Low dielectric loss. (2) Low moisture absorption. (3) Flame 
retardance. (4) High insulation resistance. (5) High strength, 
etc.—all these provide design flexibility and comply with the 
most rigid specifications. 


Richardson manufactures a complete line of INSUROK lam- 
inated grades to meet a great many design needs for govern- 
ment or commercial applications. Many copper clad grades 
are available. 


You can count on Richardson to work with you in selecting 
the right grade to fit your specific component requirements. 
Complete integration of manufacturing and fabricating facil- 
ities assure precise, accurate parts. Investigate INSUROK 
today. Richardson also custom molds a wide range of parts 
for consumer and industrial products. Call your nearest 
Richardson Branch Office, or write direct. 


WW ule ae 


Fabricated 
Vv Pa Ll} 
Molded 
FOUNDED IN 1858 ETAT 
2799 LAKE STREET, MELROSE PARK, ILLINOIS 
Soles offices in principol cities 
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Bearing bores and stator are machined 
simultaneously to accept rotor. Units 
available in accuracy of 3 seconds of 
arc. Ketay Dept., Norden Div., United 
Aircraft Corp., Jericho Tpke., Com- 
mack, L. I., N. Y. 
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VARIABLE SPEED CONTROL 


Controlled speed system for centrifugal 
pump and fan drives provides variable 
speeds from induction motors. Reacto- 
dyne drive system designed for loads 





where torque requirements fall off 
rapidly at lower speeds. Speeds con 
trolled by potentiometer actuated in 
turn by liquid level, pressure or tem- 
perature. Operates from 220/440-volt, 
60-cps a-c supply. Wide choice of drive 
motor types offered. Ratings available 
from 1 to 30 hp with 2:1 speed varia- 
tion. U, S. Electrical Motors Inc., Box 
2058 Terminal Annex, Los Angeles 54. 
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DEMODULATOR AND 
PHASE DETECTOR 
Model 1206 provides a d-c voltage di- 


rectly proportional to any amplitude 
or phase difference between 35-volt. 





800-cps reference input and 0- to 25- 
volt, 800-cps signal input. Input im- 
pedance, 2000 to 3300 ohms; output 
impedance, 10 k ohms. Frequency re- 
sponse, +3 db from 700 to 15,000 cps 
(for 25-volt signal input). Applica- 
tions: data transmission, error sensing, 
servomechanisms. Varo Mfg. Co., Inc., 
2201 Walnut St., Garland, Texas. 
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Posteard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further informa- 
tion on 

* New Components and Materials 
* Literature for the Design Engineer 
* Feature Article Reprints 

* Advertised Products 


ELECTRICAL MANUFACTURING 


$Me QuQyy TeRminar Lucs 
AND CRIMPING TOOLS 


SPEED INSTALLATION — REDUCE COSTS! 















SERRATED CRIMP 





FOR GREATER RESISTANCE 


TO PULL-OUT 


BARREL-LENGTH 
VOID FREE 
CONNECTION 





PNEUMATIC POWER CRIMPING TOOL 


Portable or bench mounted... use it in 
the shop or on the job for top production. 


RETURN THE COUPON TODAY! 
H. B. SHERMAN MFG. CO. 
Battle Creek, Michigan 
Show me how I can save up fo 15% with your — 
LUGS CRIMPING TOOL 
SEND FREE SAMPLE OF CRIMP 


BOTH 











Nome_ 






Firm 






SHERMAN 
UNI-CRIMP 
LUG 






SHERMAN 
“ST" LUG 






Address _ 


City 


H. B. SHERMAN MANUFACTURING CO., Battie Creek, Michigan, U.S.A. 
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CAN >‘ Laboratory and 


Automatic | Engineering Equipment 
Molded 


| flow Testonic environmental chambers ; 
are equipped with saturable power-re Development Engineering Co., Inc., 9 
up y ' Cross St.. Norwalk, Conn 
Circle 611 on postcard at end of boos 
: VIBRATION TESTER 


Stvle 25-VH_ vertical linear vibration 


- tester has a maximum capacity of 50 
Plastics Ib and a 24 x 24 in. aluminum alloy 
table, capable of giving an output 
U it ; force from 0.05 to 5 g. Vibration 

actor control and built-in over-tem- ill 

perature protection. Four standard sizes 
available with inside dimensions of sonst ae 
| x6 " 


20 x 18 x 20 in. high to 48 x 24 x 
in. high. Temperature ranges are 0 to 
L180 C or 0 to +316 C. Cooling is 
by mechanical refrigeration. Blue M 
Electric Co.. 138 and Chatham Streets, 
Blue Island, IIL. 

wires Suet; Circle 610 on postcard at end of book 

ADVANTAGES 

AS: ENVIRONMENTAL CHAMBER 


Hot-cold-humidity chamber C8, using 


| CO, for cooling. features control sys- 
Low Mold Cost ! controlled rates of frequency adjustable from 10 toe 20 


tem which gives 


Short or Long Runs | heating and cooling for cycling the cps. Total table movement can be 


low Piece Cost test chamber Accuracy of control varied from 0 to 0.250 in. as required 
| better than +1 deg F, depending upon Machine equipped with starting control, 
| instrumentation. Stainless steel interior. interval timer and rpm_ indicator 
Model C8 with dry bulb wet bulb Gaynes Engineering Co. 1648 W 
Fulton St.. Chicago 12 
Circle 612 on postcard at end of book 


ENVIRONMENTAL CABINETS program controller-recorder is illus- 


. , trated. Units available from table- 
Mechanical-convection, horizontal-air- ms ‘ vee 


TRANSISTOR TESTER 


Dynamic beta tester Model 870 has 
provisions for varying collector cur- 


SEND YOUR PRINTS rent and collector voltage to provide 


FOR QUOTATION 7 a ag proper conditions for beta measure 
: { { ments which conform to those made at 


the specific current and voltages 
established by transistor manufacturers 
in their specifications. Tester measures 
large-signal d-c beta on power tran- 
sistors as well as small-signal a-c beta 
asm mamscanvelinns Ganmmees on low- and medium-power transistors. 
Collector test current is variable up 


RPASTICS to 2 amp. Provides three /,,, ranges: 


CUSTOM-ENGINEERED 5 0 to 100 pamp, 0 to 1 ma, and 0 to 10 


123 ROTARY DRIVE q ma; two beta ranges, 0 to 100 and 0 to 
GURNEE, ILLINOIS 300, are incorporated together with a 
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1/250 to 1/10 HP. Open, Fan-Cooled, Enclosed 


SHADED POLE MOTORS 


Also Gear Motors and S/P Blowers 


Riis si Sa ls ai cht Sl a tas sll 
Proven Dependability at Lowest Cost 
Fast Delivery from Nearby Stocks 


When you need Shaded Pole Motors for any purpose— 
use Grainger’s Supply Service. We stock newest design, 
precision-built Dayton Motors, 1/250 to 1/10 HP in open, 
fan-cooled, totally enc'osed types—stud or rubber 
mounted. Single-speed, two-speed, reversible. 2-pole, 4- 
pole, 6-pole. Also Shaded Pole Gear Motors and Blowers. 
O.E.M.'s write for Bulletins 207, 304 and 705. 


Write for Net-Price Wholesale Motor Catalog. 


63 WAREHOUSES—COAST-TO-COAST 


W.W.CJRAINGER_ INC. 


Dept. 151, 118 S. Oakley Bivd., Chicago 12 
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Shown above are some of the many 
Rogan knobs available from 
stock molds. Fast delivery. 
Special shaft holes at nominal cost. 
Send for details and catalog. 


ROGAN 
BROTHERS 


8027 N. Monticello + Skokie, Illinois 
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SUBMINIATURE 
TOGGLE 
SWITCHES 


Whitt | ' 


Basic switches 
meet MIL-S-6743 
and MS-25085-1. 


Electrical Ratings 

3 amps. 30 v.d-c, 
inductive 

5 amps. 30 v.d-c. 
resistive 

5 amps. 125/250 
volts a-c. 

Free 

Catalog 159 

describes 

complete line 

of UNIMAX 

subminiature 

switches. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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CONTROLS COMPANY 


A NEW LINE OF 


SILICON ZENER DIODES 
AND RECTIFIERS 


by the ELECTRON DIVISION 


SILICON ZENER DIODES: From 150 milliwatts 
to 50 watts, 3.9 volts to 200 volts. Diodes can 
be enatched in pairs, triplets, and quads. Double 
anodes available from 1.5 volts to 60 volts. For 
power units: anode or cathode grounded 
optional. Will meet military specification. 


SILICON RECTIFIERS: Up to 12% amps, 10 to 
900 PIV in free air; exceeding 50 amps by forced 
air cooling and 100 amps by water cooling. Full 
wave rectifier made to customer’s specifications. 


Controls Company of America invites your inquiry. 


High quality and dependable delivery assured. 
Write or call for catalogs and engineering data. 


Lenscomaluctes Compomert Spacialesla: 


OF AMERICA 


ELECTRON DIVISION 
611 W. Broadway, P.O. Box 937, Tempe, Arizona 
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| feature that permits half-calibration, 
| effectively increasing upper beta range 
| to 600. Hickok Electrical Instrument 
| Co., 10514 Dupont Ave., Cleveland 8. 
Circle 613 on postcard at end of book 


FREQUENCY CONVERTER 


Model 4025A converter delivers 250 
va over a selection of frequency ranges 
from 50 to 4000 cps with fixed-fre- 
quency accuracies up to 0.001 per cent. 
It is capable of handling resistive or 


inductive loads. Other features include 
nominal 1 per cent harmonic distortion, 
extremely low output impedance and 
extremely fast recovery time. Tel-In- 
strument Electronics Corp., 728 Garden 
St., Carlstadt, N.J. 

Circle 614 on postcard at end of book 


OHMMETER 


General-purpose Model 309 ohmmeter 
has five ranges: 0-2000; 0-20,000; 
0-200,000 ohms; 0-2; 0-20 megohms; 
(20-ohm center scale on 0-2000 range). 


Size is 2% x 4% x 1e in. Triplett Elec- 
trical Instrument Co., Bluffton, Ohio. 


Circle 615 on postcard at end of book 
(Continued on page 321) 
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A fourth outstanding instrument has joined the 
Honeywell Visicorder family —the new Model 1406, 
an efficient, dependable direct-recording oscillograph 


capable of recording up to six simultaneous dy- 


namic functions and producing immediately read- 
able permanent records without inks, styli, heat, 
powders, or chemical processing. 


Designed to take full advantage of the ultra-violet 
Visicorder principle, the 1406 provides today’s most 
advanced recording method at an extremely reason- 
able price. For only $1845, you can own a complete 
six-channel Visicorder, including galvanometers, 
grid line system, and built-in timer, while a two- 
channel model is available for just $1255. Because 
it is less complex than other Visicorder models, the 
1406 greatly reduces the per-channel cost of acquir- 


ing and recording data. 





FEATURES AND SPECIFICATIONS- 


MODEL 1406 VISICORDER 


Now, for the first time, users whose recording requirements lie in the middle fre- 
quency range may obtain genuine Visicorder performance without paying a premium 
for more sophisticated equipment. Depending upon the galvanometers you choose, 
the 1406 will record variables with frequencies as high as 200 cps, making it the ideal 
instrument for the majority of applications as found in normal laboratory testing 
and evaluation. The 1406 is easily tailored to your individual needs; it may be 
ordered with a choice of galvanometers and record drive speeds, and is available with 
or without grid line and /or timing systems. In addition, the new Model 1406 pro- 
vides many user economies—among them, negligible lamp replacement costs and 
lower power consumption—than upper frequency range instruments. 

Use the 1406 for circuit analysis ... for current studies... for a near-infinite 
number of other applications which you will discover for yourself. As with all 
Honeywell Visicorders, the 1406's usefulness and versatility are limited only by the 
imagination of the user. : 


GALVANOMETERS—Choice of two natural frequencies: 42 or 330 cycles. L42-700 
42 cycles; flat within 10% to 25 cycles; sensitivity 30 ua /in + 10%; linearity within 
5% of full scale deflection (6" peak to peak maximum; 4° single deflection); damping 
resistance 700 ohm; coil resistance 250 ohm; maximum current 40 ma; may be 
operated at 500v above ground. L330-120—330 cycle; flat within 10% to 200 cycles; 
sensitivity 700 ua/in + 10%; damping resistance 120 ohm; coil resistance 800 ohm; 
maximum current 30 ma; other specifications same as L42-700 


Bank—Standard C-type magnet in simple adjustable mount. Dummy filler required 
for use with less than 6 galvanometers; adjustable reference trace optional for either 
end of bank. 

Recorp Paper—6”" x 100’ (standard base) or 6” x 150’ (thin base). Uses all popular 
direct-recording papers. 

Time Lines (Optional )— Flashtube system; instant warm up, no parallax. Full width 
lines at intervals of 1, .1, and .05 sec., 1, .1, and .05 min., or 1, .1, and .05 hr., depend- 
ing on choice of record speeds. 

Recorp Speeps— Standard: 25, 5, 1 and .2” /sec. Also available: 25, 5, 1 and .2° /min.; 
25, 5, 1 and 2” /hr.; 100, 50, 25 and 5mm /sec 

Grip Lines (Optional)—Choice of inches or metric. .2" spacing; every 5th line 
heavier for inch ranges; 5mm spacing with every other line heavier for mm ranges 
WRITING SpPEED—to 3500" /sec.; Static Trace WiptH—.03"; Optica, Lever 
30cm (11.8"); Recorpinc WiptH—6" maximum; Lamp— 70 watt incandescent; 
Lamp Lire—rated 100 hrs. in high intensity position; INTENSITY CONTROL—two 
position “‘high”’ or “‘low’’ switch. 

Power REQUIREMENTS— 105-129v AC, 60 cps 200 watt; OPERATING TEMPERATURE 
32° F to 135° F; Humipiry—98%; ALTITUDE—to 10,000 feet; DIMENSIONS 
9° x 9° x 12"; WeicHtT— 25 lbs. 


NOW-A VISICORDER FOR EVERY RECORDING NEED 


Model 906 Visicorder—9068-1, 14 chan- Model 1108 Visicorder— 24 channels from Model 1012 Visicorder— 36 channels from 
nels; DC to 5000 cps; 9068-2, 8 channels; DC te 5000 cps on 8 paper. Many avto- DC te 5000 cps on 127° paper. The most ver- 
DC te 2000 cps. Both on 6" paper. matic convenience features. satile recording oscillograph ever mode 


Write for your free copy of the 36-page Visicorder Applications Manual, a comprehen- 
sive, detailed guide book to many varied uses of the Visicorder 


For further information, including detailed price and delivery data, write 


MINNEAPOLIS-HONEYWELL REGULATOR CO. - INDUSTRIAL PRODUCTS GROUP 
Heiland Division, 5200 East Evans Avenue, Denver 22, Colorado 


Honeywell 
ANOTHER DIAMOND JUBILEE PRODUCT Sy FROM HONEYWELL Hi Qudustiial Products Croup 





WEST VIRGINIA | 
PRESSBOARD INSULATION | 


Higher Quality 
at Lower Cost 


These fine pressboards are replacing 
more costly types of insulation. They 
offer uniform quality and outstanding 
dielectric, physical and chemical proper- 
ties because they are made of 100% 
virgin kraft pulp produced in our own 
pulp mill. No metallic particles! Choice 
of thicknesses makes selection easy. 
PRESSITE: An unsized 
board for air, oil, and askarel trans- 
formers and for capacitors. Natural 
kraft color. .031" to .250’’. 


absorbent, 


ELECTRITE: A hard board with high 
tensile strength. All punchings are 
clean and smooth. Sized with natural | 
rosin to resist moisture. Available in 
brown or black. .031" to .187”. 


DENSITE: An extremely hard board 
with great tensile strength. Sized for 
moisture resistance or unsized for ap- | 
plications in oil. Natural kraft color. | 
031" to .125". 


4E3987. Write Board Products Sales, 
Weat Virginia Pulp and Paper Company, 
230 Park Avenue, New York 17, N.Y. 


} 
| 
Ask for Underwriters’ Laboratories report 
| 
i 
i 
| 
| 
| 


West Virginia | 
Pulp and Paper 
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PULSE AND 

WAVEFORM GENERATOR 
Model P-1 low-frequency 
provides virtually transient-free pulses, 
square, triangular and sine waves of 
high purity. Instrument supplies suf- 


generator 


ficient power to drive power transistors 
and relays, valves 
and other physical elements directly 
from output terminals. Continuously 
variable in ten frequency ranges, from 
0.01 to 2000 cps. Pulse length con- 
tinuously variable through five ranges 
from 100 ysec to 10 sec. Duty cycle 
variable from 10 to 90 per cent. Para- 
bam, Inc., 13000 Yukon Haw- 
thorne, Calif. 
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TRANSISTOR THERMAL 
TEST SET 


Designed to simplify measurements of 
transistor and diode temperatures, this 
instrument offers a means of making 
many of the temperature measurements 
required in electronic equipment design. 
A special nomograph permits rapid 


electro-hydraulic 


Ave.., 


\ A 


determination of transistor and diode 
junction temperature. Temperatures 
are read directly on meter scale. 
Ambient temperature compensation is 
automatic. Accessories include small 
thermoelectric junctions, thermometer 
probe and evacuated glass-enclosed 
thermocouples. Switches permit selec- 
tion of any of four outputs. Instrument 
is portable. Rescon Electronics Corp., 
Dept. 9, 151 Bear Hill Rd., Waltham 
54, Mass. 


Circle 617 on postcard at end of book 
(Continued on page 322) 


BS: 


new light on 
high-speed 
photography 


Now Dynafax Camera sequences can be 
perfectly illuminated from start to finish 
—all 224 frames emerge from processing 
with an exactly uniform density. Availa- 
bility of the Beckman & Whitley Mode! 
357 Electronic Flash Unit makes this not 
only feasible but routine. 


Developed and produced specifically to 
match the operating parameters of the 
Dynafax, the new unit delivers 1200 watt 
seconds in a single square pulse of cold 
light which is controllable over the range 
from 8.6 to 22.3 milliseconds. These per- 
iods are equal to the total writing times of 
the camera from 26,000 frames per second 
down to 10,000 frames per second. 


Synchronization of the flash unit with 
the event being photographed is easily 
accomplished through the versatile trig- 
gering facilities included in the Model 357 
— either make or break circuits, a positive 
pulse, or light striking a photoelectric 
cell. For focusing and light arrangement, 
the unit can be set to provide a 60-flash- 
per-second modeling light. The complete 
unit comes in a sturdy glass-fiber carry- 
ing case matching that which houses 
the Dynafax itself. 


Professional opportunities exist in 
the Instrument, Missile Products, and 
Research & Development divisions of 
the company. You are invited to send 


a resume to the personnel manager, 
Gordon Wheeling. 


Beckmare ¢ We 


SAN CARLOSTT, CALIFORNIA, U.S.A. 
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| INFINITE-RESISTANCE 
| VOLTMETER 


Electrostatic voltmeter, with a range 
of 0 to 20 volts d-c, has dial readings 
graduated from 0 to 500 pamp. Circuit 
is a modification of an inverted triode 


voltmeter. Uses of battery-operated 
voltmeter include: plotting charge and 
discharge curves of capacitators, ob- 
taining time constant of RC circuits, 
finding unknown values of resistance 
and capacitance, and measuring volt- 
ages from 0 to 20 volts. Central Scien- 
tific Co., 1700 Irving Park Rd., Chicago. 

Circle 618 on postcard at end of book 


RETAINING-RING PLIERS 


“Convertible” pliers, Series 12, may 
be used for a wide range of internal 


t and external retaining rings for shafts 
The New 20 watt DIEHL and housings ranging in diameter 


from 0.125 to 1.375 in. Tool is used 


instrument Servomotor to compress internal retaining rings 


a study in practical design pe 


A carefully constructed winding—set in a round, die cast alu- 

minum housing and totally encapsulated with a protective epoxy ® > 
resin . . . a low inertia ingot-iron rotor . . . and two sets of pre- Qo 
lubricated ball bearings ...a simple anatomy. Yet these few simple 

parts combine to make the new 20 watt DIEHL Instrument o 
Servomotor the most practical servomotor ever designed for com- 

mercial applications . . . because all costly construction features 

and environmental precautions which are unwarranted in a com- 

mercial application have been eliminated. But full performance 

and all essential environmental precautions have been retained 

.-. including moisture, salt, and fungus proofing, good resistance 

to shock, safe operation in ambients of —55 to +-55°C, and these 

other outstanding performance characteristics: | for insertion into a bore or housing, 


| or to expand external rings for as- 
SPECIFICATIONS AT STALL sembly over a shaft. Adjustment of 


OQ 


Cat. No. FPE49L-116-1 pivot pin of pliers permits tool to be 
Output 20 Watts set so that tips come together or spread 
a (per phase) 115 Volts 

requency 60 Cycles Pane is 
Torque 25 oz. in. Waldes Kohinoor, Inc., 47-16 Austel 


Input power (per phase) 54 watts Write for more in- Pl., Long Island City 1, N. Y. 
Control phase impedance 174 ohms t ‘ 
No Load Speed 3500 R.P.M. a oS OM Circle 619 on postcard at end of book 


Inertia (Wk2) .725 oz. in.2 complete line of 


Theor. acceleration 13,300 rad /sec.? instrument servo- 
Weight 2-75 Ibe cenetenens. deaanitiniin REMOTE MICROMETER 
Motor Transfer Function 3.2 in sizes 11 and 15, 


S (.028S + 1 power ratings from ohee : 
Frequency response 5.75 cyc./sec 1 to 20 watts to 10 millionths of an inch can be 
taken away from the actual point of 


+ SINCER®™ measurement with the “Remote-Mike.” 


ahi \ DIEHL MANUFACTURING COMPANY Pa. nn ae Species on wee 
: ; thread principle. Measuring range is 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY . es “ane 
1 in. Digital read-out to 10 millionths 


is displayed on counter on operator's 
console. Head can be remotely zeroed 


apart when handles are compressed. 


Automatic micrometer measurements 


Somerville, New Jersey 
1A Trademark of THE DIEHL MANUFACTURING COMPANY —*A Trademark of THE SINGER MANUFACTURING COMPANY 
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TIME EXPOSURE COMPARISON 


Old stack-rod set up requires two hands 
Uses up valuable production time 


New ROL-PAK set up is far simpler and 
quicker; requires only one hand 


New Truarc ROL-PAK speeds ring assembly, handling 


ROL-PAK* is a new method of pre-stacking retaining 
rings for faster, more economical assembly on production 
lines. Pre-stacked on a color-coded tape, the rings are 
quickly identified by type and size. Available to users of 
Truarc Retaining Rings exclusively, ROL-PAK provides 
production flexibility, and allows faster and more effi- 
cient assembly set-up. 

On your production line, ROL-PAK slips over the dis- 
penser rail ready to use. The pressure sensitive tape is 
stripped off in seconds. With the old stack-rod packaging, 
by contrast, an operator had to remove the cotter pin, 
hold the bottom rings on the rod to prevent their slipping 
off then carefully position the rod on the dispenser rail 

.. & much more time consuming, less-efficient method. 

Here are important ROL-PAK advantages for you to 
consider: Faster assembly because of quicker, easier load- 
ing as illustrated above. Easier identification of ring size 
and type, right on the printed, color-coded tapes. Greater 
flexibility since all or part of ROL-PAK may be used. Eas- 
ier handling, storage with no protruding stack-rods. 

ROL-PAK is available in Truarc Series 5103 Crescent® 


rings, 5133 E-rings and 5144 Reinforced E-rings in most 
widely used sizes. All present types of Truarc ring dis- 
pensers may be easily converted to ROL-PAK. 

The design advantages of Truarc retaining rings, have 
led to their ever increasing use in production of products 
of all kinds. The new Waldes Truarc Assembly Tool Cata- 
log AT 10-58 covering assembly tools, pliers, applicators, 
dispensers and grooving tools belongs in your files— 
write for it. And on special application problems, Waldes 
Truarc engineers will be glad to help. Waldes Kohinoor, 
Inc., 47-16 Austel Place, Long Island City 1, N. Y. 


*Pat. Pending ©1989 WALDES KOHINOOR, INC. 9.10 


-WALDES 


/TRUARC 


~ RETAINING RINGS 


Walides Kohinoor, tnc., Long Isiand City 1, N. Vv. 


TRUARC RETAINING RINGS...THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 


SEPTEMBER 1960 


Circle 339 on Inquiry Card 323 








-IN A NEW LOW- 
FREQUENCY OSCILLOSCOPE 


HIGH-FREQUENCY 


Circle 363 on Inquiry Card 


i ee ee 


DC to 500 kc trequency 
undistorted de 
at 1 me 


Ps Ae ea 
AD te rel 


identical, calibrated high 
gain amplifiers 


10 mv/cm to 100 v/cm sen 
sitivity range 


ee) a eae 
erateng at 5 kv 


= 


Sweep speeds: 1 usec/cm to 
ie emis 


* 
Single sweep with rearming 
ee aL Uny 


et Me Mee) 
sweep. 


FEATURES 


J A comprehensive performer — simplifying many procedures previ- 
ously requiring specialized oscilloscopes. The 401-B provides high- 
frequency type concepts with low-frequency operation. The 401-B features 
identical amplifiers — enabling equal-ordinate, calibrated plots for accu- 
rate measuring on both axes. Its wide range of sweep speeds, provisions 
for single sweeps with rearming facilities, selection of auto or driven 
sweep, an “electronic shutter’ and other unique features — all helping to 
create versatile displays on a new high brilliance 5 kv cathode-ray tube — 
establish the 401-B as a true general purpose, high performance oscillo- 
scope. Write for complete details. 

price 430° 
F.0.8. CLIFTON, WN. J. 


U Monr’ 
D precision electronics is our business 


DU MONT INTERNATIONAL DIVISION © 515 MADISON AVENUE, NEW YORK 22, WN. Y. © CABLES: ALBEEDU, NEW YORK 
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2 crane Biola, USA 


DIVISIONS of FAIRCHILD CAMERA ond INSTRUMENT CORP. 
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ELECTRICAL MANUFACTURING 


at*any point within measuring range. 
Heads may be used singly or in multi- 
ple. J. W. Dice Co., Englewood, N. J. 
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COLOR-FILTER SHEETS 


Booklet of 37 plastic color filter sheets 
contains 0.01]-in. thick 8 x 10 cellulose 
acetate pages. The 37 colors cover the 


INDUSTRIAL COLOR 
FILTER SHEETS 





entire range, including amber, pinks, 
lavender, purple, reds, etc. For ex- 
perimentation with color mixing, in- 
vestigation of color perception. Price 
$9.00 postpaid, subject to change. 
Edmund Scientific Co., Barrington, N. J. 

Circle 621 on postcard at end of book 


STANDARDS AMPLIFIER 
A-C Reference Standard Model 102, 


accurate to within 0.05 per cent, is 
designed for use in metrology, stand- 





ards and research laboratories where 
Bureau of Standards level of instru- 
mentation is required. Standard pro- 
vides outputs from 0.5 to 500 volts 
rms at 400 cps with a load reading 
of 0 to 2 ma. Other models available 
for from 60 to 1000 cps and for power 
applications. Remanco, 1805 Colorado 
Ave., Santa Monica, Calif. 
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DC RATE 
GENERATOR 


FOR TACHOMETERS 
AND MOST 
SERVO-MECHANISMS 





te ee 


This new design permits perfect brush adjustment to the 
exact neutral zone. Assures even voltage and r.p.m. with 
either clockwise, or counter-clockwise motion. Rated at 


Its per 1000 R.P.M 


Also available as a permanent magnet motor for miniatur- 
ized blower, fan vo motor application. Motor units avail- 


able from 4-50 volts D.C. Equipped with Ainico V magnets 


yw ser 


All units built to meet any commercial or military speci- 
fica Complete with ball bearings or equipped with 
precision interchangeable sieeve bearings 


nit illustrated measures 14” length with a 1," diameter. 


With flange mounting, 14%" diameter 
A-C rate generator also available. 


Designed and Manufactured by 











4735 W. lowa St., Chicago 51, Illinois 
SPECIALISTS IN ROTARY ELECTRICAL EQUIPMENT 
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. Electrical Coil Windings 


- « « WIRE SIZES #6 to #56 


coTO-COlL ©., INC. 


ae: 5, Rhode Island 


63 Pavilion Avenue 
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Best electrical resistance yet 


for Capacitors @ Resistors 
Pyrometers @ Appliances 


wherever high insulaton values are desired use 
Savereisen Cement No. 8. Will not corrode re- 
sistance wire, withstands temperatures to 2600°F, 
self-hardening, quick-setting. Ask for Data Sheets 


Sauereisen Cements Co., Pittsburgh 15, Pa. 


SPECIAL TRIAL ORDER 750 


for makong tests under pow! own Condihomt c Con 


SAUEREISEN No.8 
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Electro-Temp 
CEMENT 
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Electrix 


a 


Greater 


Holding Power! 


Zend e 


More Uniform 


PW lil bite Ett talk a 


Careful engineering and strict quality controls give 
ELECTRIX Terminals greater holding power in use. 
ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 
economical assembly. 


Electrix competitive prices 


save you money. 


Extremely wide range of types, sizes and finishes. 
Write for free catalog. 


Electrix 
Corporation 


ASHTON 


RHODE ISLAND 
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MINIATURE 


SOLENOIDS 


Series ME 
(Miniature Enclosed) 


@ Powerful—small in 
size / 

@ Five standard types from 
%" to 1” diameter 

®@ High temperature insulation 

@ Pull and push types 
available 

@ Made to meet and 
exceed MIL speci- 
fications 





eS 


Designed for DC application only, these units 
are available with ratings up to 125 volts, 
unique construction meets exacting specifications, 
provides long life. 


® Various mounting 
arrangements 


Write for complete information. 


SOLENOIDS + CONS + ELECTRICAL COMPONENTS 


7 
anderson controls, inc. 
General Offices 


9959 Pacific Avenue © Franklin Park. Illinois 


Phone: Gladstone 1-1210 
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| MICA 


| dielectrics known! 


ELECTRICAL MANUFACTURING 


TONOX 


for encapsulating 
electrical components 





ania: 4 i 
gives LONG POT LIFE 

@ high strength 

@ high heat distortion point 
®@ high moisture resistance 
Write for information 


Naugatuck Chemical Chemical 


Division of United States Rubber Company 
958X Elm Street, Naugatuck, Connecticut 
Rudder Chemcais - Syethete Gabber - Plastics - Agresfere! Chemeats - Reclemed Rubber - Lstees 

CAMADA Reagatech Chemcats Drviscee Domimee Rebter Co itd Limus Oetere CABLE: Bubexpert #1 
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®@ minimum vapor hazard 
and skin staining 
®@ low cost 






We'll be pleased to answer 


Insulate... 
protect * 
conserve space... 


with 


your questions about the 


properties of mica or its 
use in specific applications 
There is no obligation. Send 


for FREE 
ral Mica For Industry.” 


booklet: “Natu- 


ONE of the best 


Mica Industry Association, Inc. 
420 Lexington Ave., New York 17, N. Y 
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r—FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation Grip— 
Small or ~aige 
perew Hole or 
Standard, Extra 
Flexible Strand- 
ing and Solid Wire 


Oo 
Keli 














EASY TO APPLY «+ NO ou REQUIRED 


sone 
eo 0 86O 


-DF 
Write for Bulletin DF = PP at ee 


mal i eeeee) eee 
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single style contact single style insert 





..-fits both plug and receptacle 





CANNON morpho PLUGS 


A NEW DEVELOPMENT FOR INDUSTRIAL AND MANY 
MILITARY APPLICATIONS 


The unique hermaphrodite-modular design of Cannon's new 
MORPHO lightweight plugs provides unusual flexibility and ver- 
satility! Especially intended to meet commercial applications such 
as computers, business machines, and communication equipment 
inexpensively and with complete reliability—these unusual plugs 
are equally well suited for many military requirements. The 
MORPHO line features hermaphrodite crimp type contacts and 
hermaphrodite modular insulators which fit both plug and recep- 
tacle. Currently available in 12, 24, and 36 contacts...allows 
numerous alternate insert positions 


Write for Catalog MH-1 today for the complete story of MORPHO 
..another reason why you should consult the world’s most expe- 
rienced plug manufacturer for all your plug requirements. 


CANNON ELECTRIC COMPANY -~ 3208 Humboldt St., Los Angeles 31, Calif. eer 
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Automatic simultaneous winding 
of 2 to 5 group concentric coils .. . 





YOU CAN 

CuT 
WINDING 

cosTs 


WITH 





Patents 
Granted 
ang 

Pending 














* LOWEST MACHINE INVESTMENT PER 
UNIT PRODUCED. 






* Winding speed ot 325 RPM 





Preparation time: 4-pole, '4 min- 


ute; 2-pole, >; minute 


utomatic cutting and anchoring 
of leads. 


AUTOMATIC 
OIA cng eens din 


Winds greater range of stator 


STATOR WINDER ” | lea 


Production example: 4-pole stator 


with J-group concentric coil per 


WRITE FOR COMPLETE DATA OR pole of 125 turns per coil produces 


ARRANGE TO VISIT OUR PLANT FOR DEMONSTRATION 


FORT WAYNE TOOL, DIE & ENGINEERING CO. 
1027 Goshen Road * Fort Wayne * Indiana, U.S.A. 






88 stators per hour; 2-pole with S5-group concen 





tric coil per pole at 159 turns produces 58 stators 
per hour 
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GLASS | TIPPED”’ SET SCREWS 


GLASS—Hard, Dense, 


th Connie. | © What is Molecular Engineering? 


o, Hemispherical 
bl eens. Seek, @ What are the concepts, 


Slotted, Ground Threads, lhe 

in STOCK— Sizes 4, 6, 8 N.F. G NC. definitions, areas of 

4-48 x 7/32, 5/16, 3/8, 7/16 G 1/2 research and application? 

6-40 x 9/32, 3/8 G 1/2 | 

8-32 x 5/16, 1/2 G& 7/8 | : 
HARTWOOD GLASS & METALS COMPANY © How will Molecular Engineering 

P.O. Box 865 Martinsburg, West Virginia | affect your design practices? 

Specializing in Glass Coated Metals for Electrical Insulation 
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DYKEM 
head 28 


vd — 
wv 5 ¥ Popular ckage is 
f ; 8-oz. can fitted with 
making Dies and — } Bakelite cap holding 
: soft-hair or a 
ee Ti ra plying right at Ae 
metal surface ready for 





For the answers to these and similar 
| questions, take time out—if you 
haven't already — to study the 
Science & Engineering feature in 
the May issue. In this article by 
Special Features Editor Alex. E. 
Javitz, the principles and practice of 
Molecular Engineering are brought 
into focus for your own fundamental 
understanding of one of the most 
important concepts of contemporary 
research and its impact on design. 


_ layout in a few minutes 
\ The dark blue background 
, makes the scribed lines 


creases efficiency and 
accuracy. 


For handy Reprint Order Form 
see page 208 


Write for sample 
on company letterhead 


DYKEM COMPANY 
2303F North 11th St. + St. Louis 6, Me. | 








328 Circle 352 on Inquiry Card ELECTRICAL MANUFACTURING 








SEPTEMBER 1960 


a 


He 


“CUSTOMEERED 
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RUBGER 


a ee 





TO INDUSTRY” 


Wide range of parts includes (top, left to right): valve stem deflector, condenser seal, (bottom) seal piston rod 


packing, universal joint seal, and oil seal. These vary in dimensions up to 1'2" in diameter and 1” in thickness 


NEW! Precision rubber parts continuously 
molded in high volume...at lower cost 


Precise tolerances within +0.003 in 
are now possible in large volume 
production of custom-molded rubber 
component parts. Ohio Rubber’s new 
high-speed, continuous molding process 
produces such parts at rates of up to 
200,000 pieces per day 


Greater precision, which results in 
important savings On finishing costs, is 
assured through use of single-cavity, 
self-registering molds. They permit 
accurate, uniform application of pres- 
sure to minimize flash—maintain con- 
sistent tolerences for all dimensions. 
Uniform material thickness is equally 
assured by a plasticizing mill, which as 
an integrated part of the process directs 
uniform charges to cach mold 


Direct feeding, from the mill to the 
mold wheel, eliminates the conventional 
intermediate extrusion step and further 


SEPTEMBER 1960 





insures part uniformity and quality 
consistent with specifications. The con- 
tinuous process permits precise control 
of time and temperature for each part. 


Large volume production results in 
substantial cost savings for small, 
precision parts requiring tolerances 
obtainable by other precision molding 
processes. For parts formed by less 
precise, conventional methods, per- 
formance can be improved through 
greater accuracy—and without prohibi- 
tive increase in cost 

Quantity requirements involving 
500,000 or more parts annually are 


Y 
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y General Office @ WiLLoucHer, OQuio @ WHitehall 2-0500 
4 DIVISION OF THE EAGLE PICHER COMPANY 


recommended for most advantageous 
use of the new process. Since two simi- 
lar parts of different size can be pro- 
duced simultaneously by alternating 
the molds on the molding wheel, lower 
production runs which might not be 
economical can be combined with a 
separate order. 


Complete information on this revo- 
lutionary new process is available in 
bulletin form. Send for your free copy 
today. At the same time, be sure to 
inquire about Ohio Rubber’s complete 
component “Customeering”™ service — 
molding, extruding, and bonding-to- 
metal. Just mention ORCO Bulletin 715. 

DE-260 


Qaim) 7HE Ono Russer ComPaAny 








OPHAR 


——WAXES 
COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at—76°F. | 


Let us help you with your engineering 
problems. 


For immediate service contact: 
t. €& , Sales 


mM 
A. , Technical Director 
H. Sounders, Chemical Laboratories 


Phon- SOuth 8-0907 


ZOPHAR MILLS, inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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AUTOMATION & QUALITY CONTROL 
insures the best in 
DANO COIL ENCAPSULATION 


Also send us your specifications for quotation on: 


BOBBIN COILS © PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COINS © FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, — 
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_<2AWIRES MARKED 


| PERMANENTLY. ... 


METAL IDENTIFICATION TAGS OF 
EVERY DESCRIPTION FOR MARKING CABLES, 
LEADS, AND GROUPING WIRES... 


TERMINAL TAGS are sapidty replacing obsolete string and paper identi- 
fication met mark the end of identification problems! Made 


of sluminum, steel, brass, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manutacture 
of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


?.0. Bex 9-254, NEWPORT, KY. PHONE COlenie! 1.2035 
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REDUCE COSTLY OBSOLESCENCE 


Tae Lim Coie a 
As You Need Them 


* FACTORY PRICES 


* IMMEDIATE 
DELIVERY 


qwrite for Catalog C10 Today 


Phone: West Chicago 1100 
TWK West Chicago, il. 3464-U @ WUX 


Box 186-8 West Chicago, Iilinois 


RELAY SALES, Inc. 
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For Identification and Protection 
J-M DUTCH BRAND VINYL COLOR TAPE 


There's no compromise with either identification or 
insulation when you color-code and protect pipes and 
electrical circuits with J-M Dutch Brand vinyl color 
tape. This tough and long-lived viny] tape sticks tena- 
ciously to any dry surface . . . resists galvanic corro- 
sion, rot, mildew, fungus, water, oil, grease. Dielectric 
strength averages 10,000 volts; colors can’t fade or 
wear off. 


Dutch Brand Vinyl! Color Tape does not sacrifice in- 
sulation or durability to achieve the added utility of 
color. Only 7 mils of film thickness, it has tensile 
strength of 20 Ibs. per inch of width; adhesion of 35 
oz. per inch of width; stretch of 150%. The U.L. tem- 
perature limit is 80° C. 


Eight colors conform to standards of the National 
Electrical Manufacturers Association and include red, 
green, orange, blue, yellow, brown, silver, and white 
in a range of widths. Ideal, too, for non-electric pur- 
poses—coding pipe, defining areas, coding sub-assem- 
blies, etc. Ask your supplier for Dutch Brand No. 128 
in the color or colors you want. 


USEFUL TIPS FOR TOP SAVINGS 


You'll find dozens of stimulating 
tape-use ideas in this new, free 
J-M brochure. Please request on 
your business letterhead. 


JOHNS-MANVILLE DUTCH BRAND DIVISION 


MNS MANVILLE 
s 


PRODUCT 
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7800 South Woodlawn Avenue, Chicago 19, Illinois 
In Canada—Johns- Manville Co., Ltd., Port Credit, Ontario 


Jouns-MANVILLE 
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COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Brakes—240e, 242e 
Capacitors—45, 185, 200, 216e, 232e, 236, 
280e, 282e, 298, 312e 
Choppers—236e 
Clutches—225e, 240¢ 
Contact devices 
Brushes and brush holders—49, 223 
Commetotors—206, 252 
Control systems—2l6e, 218e, 220e, 228¢, 
230e, 274e 
Cooling equipment—95, 219e, 234e 
Counters—270 
Detectors—314e 
Electron tubes 
Glow lamps—210 
Fans and blowers—87, 230e, 239, 246e 
Filters—236, 298e 
Fittings, conduit—309 
Heating elements—246, 277 
inductors—232e, 236, 258, 258e, 260e 
Lights, indicator—25le, 261, 265 
Magnetic amplifiers—236, 252e, 254e 
Magnetic components 
Bobbins and core boxes—278 
Coils and windings—235 
Cores—197, 301, 334 
Permanent magnets—98, 102¢, 266e 
Shielding—195 
Laminetions—89, 295 
Meters, panel—218e, 242, 25le, 279, 306 
Microwave devices—302e, 306e 
Potentiometers—288e 
Protective devices 
Circuit breakers—15, 60, 236e, 287e, 310 
Thermal—50, 228e 
Relays 
General purpose—52, 67, 69, 179, 2166, 
239, 244, 330 
Industrial—72, 91, 199, 226e, 234e 
Mercury—294 
Rotary—179 
Speciol—51, 179, 222, 228e, 236, 244, 
288e, 292e, 306 
Telephone—179, 214 
Time delay—53, 181, 281, 290e 
Resistors—37, 51, 97, 199, 216e, 226, 258, 
282, 284e, 296 
Seals and terminals, hermetic—232 
Semiconductor devices 
Controlled rectitier—34, 127e 
Photocells—234e 
Rectifiers and diodes—28, 29, 189, 201, 
219e, 229, 234e, 241, 286, 29%6e, 308, 
318e 
Thermistors—230e, 303¢ 


332 


Transistors—29, 41, 55, 100, 219e, 290e 
Servo components—Back cover, 21, 188, 216¢e, 
225e, 226, 242e, 243, 252e, 312e, 322, 325 
Solenoids—179, 278e, 326 
Speed detector—220, 244e 
Switches 
Controllers and coptactors—47, 50, 199, 
226e, 228e, 236e, 256, 268 
Limit—292e, 299 
Pushbutton—51, 74, 219, 275, 294e 
Snap action—207, 236e, 275 
Speciol—22, 228e, 254, 267 
Stepping—36, 234e, 236e, 260, 270, 294e 
Toggle—74, 226e, 236e, 275, 294e, 317 
Timers—25, 2160, 246e, 248e, 264, 270 
Transducers 
Force—230e 
Linear displacement—226e 
Speciol—248e, 25le 
Thermocouples—230e 
Transformers—27, 236, 246, 260e, 280, 289, 
298e, 300e, 312 
Valves, solenoid—226e, 278e, 280e, 305 
Wire and cable—68, 222e, 244 
Cooxial—224e 
Hookup—222e, 310e 
Magnet—23, 39, 231, 253, 292, 297 
Power—224e 
Wiring devices 
Cable clamps and clips—222, 266¢ 
Connectors—inside bock cover, 85, 164e, 
184e, 228e, 273, 287e, 288e, 327 
Cord sets—30, 68, 228, 313 
Grommets—302 
Plugs and jocks—306e 
Taper pins—Iinside back cover 
Terminals—Iinside back cover, 278, 315, 
325, 326 
Terminal blocks—inside back cover, 50, 
226e, 281, 302, 335 


COMPONENTS, 
MECHANICAL /STRUCTURAL 


Actuotors—276e 

Bearings—1!, 40, 43, 56, 225e, 230e, 232e, 
262, 269e, 270 

Bushings—304e 

Clutches—180e, 182e, 225¢ 

Couplings—244e 

Eyelets—202 

Fasteners 
Bolts and nuts—222e, 251, 269e 
Quick-operating—184e, 310e 
Screws—265, 328 

Gears—5 

Housings and enclosures—270e, 306¢ 

Knobs, handies—317 

Mounting hardwore—50, 308¢ 


Components, parts and materials described im this issue's editorial and advertising pages. 
Key: page number only indicates advertisement; letter ‘‘e” with page number indicates editorial mention. 


Plastics parts—222e, 232e, 280 
Rings, retainer—290, 323 
Shock mounts—272e 


COMPUTERS AND 
COMPUTING COMPONENTS 


196, 2160, 218e, 236, 245, 272e, 274e, 277, 
300e, 303, 304e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Papers—6! 
Tracing cloth—206 


DRIVES 


Electricol—33, 178e, 224e, 293, 298, 314e 
Mechonical—225e, 261, 300 
Variable speed—225e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—216e, 252¢, 324¢ 

Calculators—248 

Environmental chambers—-218e, 316e 

Generators, electronic—75, 219e, 318e, 32le 

Meters—218e, 252, 318e, 322¢ 

Oscilloscopes—233, 324 

Power supplies—16, 177, 219%¢, 254e, 256e, 
258e, 272 

Recorders—83, 198, 216e, 320 

Shock and vibration—316e 

Special test equipment— 174e, 178e, 190, 
216e, 218e, 219e, 265e, 316¢e, 321e, 321, 
322e, 324e 

Voltage reguiators—88 


MATERIALS, 
ELECTRICAL /ELECTRONIC 


Conductive materials—191 
Damping compound—262e 
Insulation and dielectrics 
Asbestos—259 
Casting resins—93, 236, 264e 
Ceramics and glass—37, 262¢ 
Epoxy curing agents—326 
Fabrics—257 
Film—44 


ELECTRICAL MANUFACTURING 





Laminotes—84, 274, 307, 314 
Mico—183, 326 
Molding compounds—93, 224e, 227, 237, 
262e, 264¢ 
Poaper—277 
Pressboord—32] 
Silicone compounds—31, 65, 203, 224e 
Stripper, epoxy—236 
Tope—64, 217, 254, 263, 271, 277, 331 
Tubing—17, 86, 264e, 266e, 284, 310¢ 
Varnishes—193 
Magnetic materials 
Electrical steel—215 
Magnetic powders—301 
Solder ond flux—232 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, lubricants, woxes—224e 
300e, 325, 330 

Metals 
Alloys, general—37, 42, 219e 
Aluminum-—66, 221 
Copper, brass, bronze—291 
Tin—220 

Metal forms 
Tope—82 
Thermostatic bimetal—266 
Tubing—220e, 222¢, 311 
Wire—82 

Protective coatings 
Chemicol—240, 260¢ 
Plastics—224e, 260¢ 


MOTORS AND GENERATORS 


Fractional-hp motors—Iinside front cover, 2, 
225, 239e, 250, 255, 261, 283 

Gearmotors—Inside front cover, 54, 192, 
225e, 247, 273, 290 

Generators—-—239e 

Integrcl-hp motors—inside front cover, 
99, 239, 242e, 250, 255, 261 

Special—inside front cover, 8, 76, %6, 
180e, 240e, 276e, 303, 317, 333 

Synchronous motors—240e, 336 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—328 

Leyout fluid—328 

Marking devices—330 

Pliers—48, 322e 

Processing equipment—70, 269, 304 
Wire strippers—303 

Wiring mochines—202, 278, 315, 325 


SERVICES 


Ceramic fabrication—14, 264e, 273¢, 288 

Coil winding—325, 330 

Employment—13 

Metal fobrication—187, 222¢, 287 

Other fabrication—92, 276, 329 

Plastics fabrication—24, 35, 68, 84, 222e, 
276, 280, 314, 316 

Testing laboratories—220e 

Transportation—62, 281 
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ae 
What Yardstick 
Do You Use... 


Here’s why 
the great names in 
industry SPECIFY Gi! 


EXPERIENCE. With 40 years’ 
experience in designing and man- 
ufacturing, GI can assure you of 
the most efficient motors to meet 
any requirements. There’s no sub- 
stitute for experience! 


DEPENDABILITY. GI motors have 
been quality-proved in millions of 
applications the world over. When 
the reputation of your product is 
at stake, you can rely on GI! 


ECONOMY. GI is a “complete” 
motor manufacturer. Almost all 
components, aside from the raw 
materials, are produced in our 
own modern plant, permitting 
maximum economy consistent 
with quality. 


it Makes Sense To Specify G/... 


Smo Prue 


AC MOTORS 


1/1800 H.P. to 1/35 H.P. 


Catalog Available On Request 


MCL 
choosing a 
TI MEST Raed 


Maa ee a a ea 


OEPT. GL 


ELYRIA, OHIO 
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Reader Inquiry Service postcards at end of book—or write directly to advertiser. 





AMP Incorporated 245 Daystrom, Inc. 
Acme-Newport Sreci Co., A Sub. of Transicoil Div 243 
Acme Steel Co. 295 Weston lastruments Div 279 
Aerovox Corp. 45 Deluxe Coils, Inc 245 
Air Express Div. of Railway Express Dennison Manufacturing Co. 277 
Agency 62, 63 Dialight Corp. 265 
Akron Porcelain Co. . 273 Dieh! Manufacturing Co., A Sub. of The 
Allen-Bradley Co. . 267, 268 Singer Manufacturing Co. 322 
Allied Research Products, Inc 240 Dow Corning Corp. G4, 65 
Allis Co., The Louis 32, 33 Du Mont Laboratories, Allen B., Divs. of 
Aluminum Company of America 66, 221 Fairchild Camera and Instrument Corp. 324 
American Brass Co., The 291 du Pont de Nemours & Co. (Iac.), EB. L, 
) 237 
American Cyanamid Co., Plastics and Febeics Div 
$ Resins Div. 22 Film Dept “4 
Bs American Electronics, Inc., Electro-Me- Durakool, Inc 294 
ki chanical Div. & Durez Plastics Div.. Hooker Chemical 
A -LOOP bd American Machine & Foundry Co., Potter Corp 93 
; & Brumfield Div 211, 212, 213, 214 Dykem Co.. The 328 
| American Steel & Wire Div. of United : Dynacor Inc., A Sub. of Sprague 
Fe Seates Steel 77, 78, 79, 80, 81, 82 Electric Co. 334 


American Stock Gear Div., Perfection 
Gear Co. ; 261 
American Super-Temperature Wires, 
Inc. 244 ETA Products Co. of America 410 
Anaconda Wire & Cable Co. 231 Eagle Signal Co.. A Div. of the Game 
Anderson Controls, Inc. 326 well Co 270 


TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


é: 

F Speed your specs to Dynacor 
| when you Want square-loop tape 
cores to exact requirements—fast! 
> Here you'll find a dependable 
f combination of personnel, expe- 
be 
= 
= 
P| 


SS 





Arnold Engineering Co., The 01 Eastern Air Lines 


Arrow-Hart & Hegeman Electric Co., Eastman Chemical Products, Inc., Sub 
The 218, 219 of Eastman Kodak Co 237 


Assembly Products, Inc. 306 Faton Manufacturing Co., Dynamatic Div, 293 
Associated Research, Inc 265 Elastic Stop Net Corp. of America 281 
Automatic Electric, Sub. of General Tele Elco Corp 85 
phone & Electronics 92 Electrix Corp 425 
Automatic Switch Co 305 Electronic Components Div. of Telecom 
puting Corp 2%6 
Electronic Research Associates, Inc 27 
Elgin National Watch Co. Elgin Ad 
vance Relays 244 


rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 
Dynacor Square-Loop Tape | 
| Cores are manufactured with the 
> high permeability alloys—Grain- — 
Oriented 50-50 Nickel Iron, 4-79 © 
Molybdenum Permalloy, and © 
Grain-Oriented 3% Silicon Iron § 


Beckman & Whitley Inc. 321 
Belden Manufacturing Co. 297, 313 
Bell Telephone Laboratories 20 
Bodine Electric Co. 5eea 2 Essex Wire Corp. 

Borden Chemical Co., The, Resinite Dept. 17 RBM Controls Div “8, 6 


Bristol Motors Div. of Vocaline Co. of Magnet Wire Div 233 
America, Inc, 264 


Buchanan Electrical Products Corp 278 
Burndy, Omaton Div. Inside Back Cover 


Emerson Electric of St. Louis 6 
Enfio Corp 280 


Pairbanks, Morse & Co., Electrical Div. 99 








INDEX TO ADVERTISERS 
For information on any of the products or services advertised in this issue, use the convenient 
| 


Be : : q Fairmont Aluminum Co., A Sub. of Cerro 
eo with fully guaranteed uni- § De Pasco Corp 187 
& formity ... under rigid standards © C&D Batteries Div., The Electric Auto- Fansree! Metallurgical Corp 200, 201 
» of control and inspection. ¥ ties Co. Fort Wayne Tool, Die & Engineering Co. 328 
Look to Dynacor for reliable 3 Spee. Sees Oe : . nae Freed Transformer Co., Inc. 246 
) production'and swift delivery of 3 Carborundem Co., Refractories Div. 7 Friden Inc 248 
a your tape*core requirements. For & a ee M ro Furnas Electric Co 256 
> your convenience a full line of § See ea 4 
standard units are stocked for im- 2 a eee cee Sp. ag 
mediate Off-the-shelf delivery— | Gate 5 Cae Se 
Send for bulletins DN 2000, DN ? Clare & Co. C. P. - heed G-V Controls Inc 181 
2001. DN 2002. y Cleveland Container Co., The 240 Gear Specialties, Inc 4, 5 
7 Clifton Precision Products Co., Inc. General Electric Co 
Back Cover Apparatus Sales Div. 18, 19, $0, $1 
Comar Electric Co. 260 194, 199, 238, 239, 303 
Connecticut Hard Rubber Co. 254 Laminated Products Dept. 307 
Continental-Diamond Fibre, A Sub. of Miniature Lamp Dept. 210 
The Budd Co. 84 Semiconductor Products Dept. 34 
Controls Co. of America, Electron Div. 318 Silicone Products Dept. 31, 193 
Coors Porcelain Co. 14 General Industries Co., The 333 
Cornish Wire Co., Inc. 30 General Instrument Corp., Semiconductor 
| Cosmo Plastics Co. 278 Div. 28, 29 
| Coto-Coil Co., Inc. 325 Globe Industries, Inc. 54 
Crouse-Hinds 309 Grainger, Inc., w. W. 261, 317 
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Who needs feedback? the 


patented chronometric governor of this | 
standard DC Timing Motor is a tyrant. 
Without any other circuitry, it holds the 
motor output speed within + 0.1% while 
driving charts, cams, contacts, actuators 
or other devices. It holds the rate even 


| 


if output shaft load, line voltage, or 


ambient temperatures change. And that’s 
just the standard model of this little gem. 
Custom variations can do even better, un- 
der special conditions. The A. W. Haydon 
Co. knows all about timers and timing. 
If you have a specific timing problem, 
you ought at least to have our literature. 
Bulletin MO 802 is yours for the asking. 
(On 5800 Series chronometri- 
DC Motors) 


1AYDON 


COMPANY 


234 North Elm Street, Waterbury 20, Connecticut 
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Need More Information 


Electrical 
Manufacturing 


About Some Advertised Product? 


In thumbing through the advertising pages of this 
issue, chances are your attention was attracted by 
some product ad to the point that you want more 
detailed information, or would like to check on a 
specific application. 

How do you go about getting this information? 

That question was one we included in our recent 
Census of the Design Engineering Activity — a 
study in which a representative cross-section of 
the ExLecrricaL MANUFACTURING reader audience 
participated. 

The question as we phrased it was: “How do 
you obtain the additional information about prod- 
ucts advertised in EecrricaL MANUFACTURING 
which are of interest to you?” 

Of the more than one thousand readers who 
responded, 57 per cent told us they contact the 
vendor directly, either by letter, phone or tele- 
gram. Forty-six per cent said they get in touch 


INQUIRY 
SERVICE 


BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 


NEW YORE 17, N. Y. 


with the advertiser's nearest local office or repre- 
sentative. Twenty-three per cent said they put it 
up to their purchasing Sanaa to investigate. 

But by far the largest group of respondents — 
71 per cent — reported that they filled out the 
ELecTRICAL MANUFACTURING Reader Inquiry Card. 
(Note: These totals exceed 100 per cent for the 
reason that many readers indicated multiple ac- 
tion, depending on the circumstances. ) 

It is gratifying to us as publishers to learn 
that our monthly inquiry facility is being so con- 
sistently utilized al has become such an impor- 
tant communication link between reader and ad- 
vertiser. 

To those readers who may not yet be taking ad- 
vantage of this inquiry service we extend a cordial 
invitation to “give it a try.” And, before you drop 
the post card in the mail, be sure you've circled 
the numbers of any current article reprints you 
might like to have for your reference files, 


FIRST CLASS 
PERMIT NO. 16734 
NEW YORK, N. Y. 





Photogrophs of products are not to scale 


BURNDY READY REFERENCE 


CONNECTION 


SELECTOR CHART 


HVFEN* 


DEFINITIONS 


Plug and recepta- 
cle connectors with 
crimp-type, snap- 
locked contacts. 


STAPIN ~ 


A 


Solid shank, solid 


barrel taper pins 


for 


wire termina- 


tions in variety of 
receptacles. 


UNIRING © + HYRING* 


Compression 
sheath connector 
for terminating and 
grounding shielded 
or coaxial cable. 


MODULOK* > CRABLOK* 


ZZ 


aa 


i, 
a 


INSULUG® + HYLUG* 


oe ow 
ome ) 


~~ 


, 


Quick-disconnect 
or permanently- 
connected terminal 
blocks. 


Compression ter- 


minals, splices. 


WIRING SPECIALTIES 


a 
BURN 


England e in Continental Europe: Antwerp, Belgium e@ TORONTO, CANADA 


NORWALK, CONNECT 


Cable hangers, pig- 
tail splices, strip 
terminals. 


Miniature rectan- 
gular, rack and 
panel, general 
purpose, modular, 
plug-in relay base, 
printed circuit— 
pin and edge type, 
coaxial— miniature 


and standard, 
BANTAM, round. 


Sealed, terminal 
blocks, modular 
frames and in- 
serts, coaxial, con- 
sole mount, 
bussed, stacking 
strips. 


one-piece 
UNIRING, two- 
piece HYRING, 
both in complete 
size ranges. 


2- or 4-tier MODU- 
LOK. 5- or 15-bay 
CRABLOK. 


Round, fork, right 
angle, flag, high 
temperature insu- 
lated and uninsu- 
lated. 


NYLOCLIP® 
BURCAP® 
FINGRIP® 


FEATURES 


Tool-instalied crimped contacts are 
individually or gang connected and 
disconnected. 

Extremely versatile and reliable. 
Quality materials used for inserts and 
contacts which are normally gold 
plated. Modular concepts. 


Rugged solid construction provides 
protection against repeated and 
rough handling. Tool-instalied 
STAPIN quality-controlled by tooling. 


Tool -instalied, eliminates possible 
heat damage to conductors, dielec- 
tric, and insulation. Both available 
preinsulated or uninsulated. Con- 
forms to MS25311 and MS25312 
(AER). 


Extremely versatile modular design. 
Reliable electrical contact in both 
quick-disconnect or permanent con- 
nection position. Tool-installed crimp- 
type contact tips. 


Hand, semi-automatic, and fully au- 
tomatic 


tooling — with removable dies 
— provide up to 1000 quaiity-con- 
trolled connections per hour. 


Compression connections, tool con- 
trolled. NYLOCLIP strong, light, en- 
vironmentally resistant. 


Catalogs available covering these and other product lines. . 


@ BICC-BURNDY Ltd., 


O MATON 


Prescot, Lancs., 
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HIGHEST ACCURACY 
IN 
PRODUCTION 
QUANTITIES 


MARU ea oa 


Occasionally we see advertised rotating components 
of fantastic accuracy. Sure, we make these hand built 
units too. But they are usually very expensive, of a 


large size, and you get delivery a few units at a time. 


CPPC will sell you 1000 (or 10,000) of these Size 11 


Precision Computing Resolvers, holding 


<a7-4Z> co 


MAXIMUM ERROR | 
Sue Os: 2 
MINUTES OF ERROR 


MAXIMUM ERROR SPREAD 
91.4% showed 6’ or less error spread 


93.4% showed 4’ or less error the very high accuracies shown on 
; this page, and at a price which will 


surprise you. If you know the rotary 


components market, you know that 


<4~-4ZzZ>coO 


we have been able to substantially 


. 3. “Peo. F lower traditional prices in the past. 
MAXIMUM ERROR (MINUTES) 


Two modern rotary components facilities (Clifton 


<4a~-4Z>coO 


Heights, Pa. and Colorado Springs, 


12346587 88un20u Colo.) assure deliveries in 45 days on 
| MAXIMUM ERROR SPREAD (MINUTES) ~ NULL VOLTAGE 


99.1% did not exceed 1 mv/v of input quantity orders. Samples from the 
99.6% did oot sucegd | mv/v of oviput 
shelf immediately. Telephone 


MAdison 2-100C or our representatives. 


<4~-4#Z>coO 


TRANSFORMATION RATIO 


SUTSSBNRO KE BHD ENGINEERS—Pioneer with a leader in the field. 
VOLTAGE AT EZ (Mv) 


96.9% did not exceed 1% tolerance gE Write David D. Brown, Director of Personnel 


Cppc 


CLIFTON PRECISION PRODUCTS CO.. INC. CLIFTON HEIGHTS. PA. 
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